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PREFACE. 

In teaching a large class> if the method of lecturing 
and demonstrating from the black-board only is pur* 
sued, the more intelligent students have generally 
to be kept back> from the necessity of frequent re- 
petition, for the sake of the less p^-omising; if the 
plan of setting problems to each pupil is adopted^ 
the teacher finds a difficulty in giving to each suffi- 
cient attention. A judicious combination of both 
methods is doubtless the best, though this is not 
always easy of attainment in working with numbers 
^-the use of this book may help in accomplishing it. 

It is suggested that at the beginning of a 
chapter, and in some cases with each problem, the 
teacher should give a black-board explanation, care- 
fully pointing out any fresh steps, before sending his 
pupils to their work. The number of examples in 
each chapter to be worked out by the student is, 
of course, left to the teacher's judgment of the pro- 
gress and requirements of his pupil. 

The student will here be assisted, it is believed, 
because he will find help given when necessary, and 
thus will often be able to go on with his work by 
himself, with the satisfaction also of feeling that he 
is progressing systematically. Moreover he will be- 
come practised in dealing with written questions — 
a point not to be lost sight of by those who are 
preparing for Examinations, 



VI PREFACE, 

The Second Edition has been enlarged by the 
addition of chapters on the straight line and plane 
with explanatory diagrams and exercises, on tangent- 
planes, and on the cases of the spherical triangle. 

It is hoped that the work, thus rendered mor^ 
complete, may prove still more useful as a class-t 
book and means of self-instruction to the various and 
constantly increasing classes of students for whom 
it is designed. It was originally intended a$ an aid 
in teaching the Mechanical Drawing Class at the 
Royal School of Mines from Professor Bradley's 
Elements of Practical Geometry, The authors of this 
work were associated with him in his duties at King s 
College, London, and the Royal Military Academy, 
and learnt practically the value of his treatise ; but 
the cost of that work has rendered it inaccessible to 
many for whom the present book may be available. 

A greater number of diagrams have not been 
added, in order that students may be thrown upon 
their own resources, and encouraged to consider the 
principles upon which their work proceeds, more than 
they would probably do if there were figures always 
at hand for reference. 

The Third Edition has been revised and consider- 
ably enlarged. 

Solutions of many Problems set in the Science 
Examinations — see Chapter on Miscellaneous Pro- 
blems — and a " Note on the Projection of Shadows " 
have been kindly supplied by Mr A. G. Meeze, 
Student of the Royal School of Mines, 

January^ 1875, 
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ELEMENTARY 



SOLID OR DESCRIPTIVE GEOMETRY. 



ELEMENTARY EXPLANATIONS, DEFINITIONS 

AND THEOREMS. 



"The object of Descriptive Geometry is the invention of methods 
by which we may represent upon a plane having only two dimensions, 
namely length and breadth, the form and position of a body which pos- 
r sesses three dimensions, namely length, breadth, and height '' 

Hall's Elements of Descriptive Geometry. 



l\ 



In Descriptive Geometry Solids are represented by 
their drawings or projections on two planes conceived at 
right angles to one another, intersecting in a line called the 
ground line, xy^ and named from their usual positions the 
horizontal ^Xi^ vertical planes of projection. See Fig. i. 

These planes form four dihedral angles. 

. Drawings or projections on the horizontal plane are 
called plans; on the vertical plane elevations. 

E. C. I 



ELEMENTARY EXPLANATIONS. 3 

two planes the projection of the line, Le. its plan^ or in the 
case of AB and a'b' its elevation. 

The projection of a line may also be defined to be tlie 
sum of the projections of its points. 

If the given line be a curve, not lying in a single plane, 
the Superficies containing all its projectors for a given plane 
of projection, is termed the projecting surface of the curve: 
the intersection of this surface and plane is the projeciioti 
of the curved line. 

Hence it will appear that a line is defined or expressed 
for the purpose of * Descriptive Geometry,' by the aid of 
two planes of projection and two projecting planes or pro- 
jecting surfaces. 

Solid bodies, as they possess three dimensions, length, 
breadth, and height, require to be represented or projected 
upon both planes of projection, so that * height ' as well as 
* length ' and * breadth * may be exhibited or determined by 
the drawings. 

But as we can have for drawing only one plane, that is, 
one flat sheet of paper, not two at right angles to each other, 
the upper part of the vertical plane is supposed to rotate 
backwards upon xy^ its intersection with the horizontal 
plane, as upon a hinge, until it coincides and forms one 
plane with the horizontal. The plan a and elevation a of 
any point A will then lie in the same perpendicular to the 
ground line. 

This perpendicular will thus form a locus of points a 
and a!^ that is to say, must contain points a and a!. 

The distance- of a from xy shows the distance of the 
point A from the vertical plane. 

I — 2 



4 SOLID OR DESCRIPTIVE GEOMETRY. 

The distance of a' from xy shows the distance of the 
point A from the horizontal plane, i. e. its height. 

In all constructions reference is continually made to 
these relations, which may be thus stated for reference. 

Theorem I. The two projections of a point are in the 
same perpendicular to xy after the vertical plane has been 
turned into the horizontal. 

Fig. 2. 




Theorem II. The perpendiculars on xy from the pro- 
jections of a point are respectively equal to the distances of 
the point from the planes ; 

i.e. The perpendicular da from the vertical projection ci 
is equal to the height of the point 
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The perpendicular aa from its plan is equal to the dis- 
tance of the point from the vertical plane of projection. 

The point in which any line or line produced pierces 
the horizontal plane is called its horizontal trace: that in 
which it pierces the vertical plane its vertical trace. 

The line in which a plane or siuface cuts the horizon- 
tal plane is called its horizontal trace ; that in which it cuts 
the vertical plane its vertical trace. Fig. 2. These two traces 
intersect in the ground line xy^ unless by the position of 
the plane they are parallel to it ; or the plane is parallel to 
one o( the planes of projection, in which case there will be 
only one trace. 

NotcUion. 

A point in space is indicated by a capital letter A^ its 
projections by a and d\ the accented letter denoting the 
vertical projection or elevation of the point. 

Similarly a line in space is denoted by the capital letters 
AB and its projections by ab^ db', 

A plane is denoted by three letters hw\ one on each 
trace and the third on their point of intersection in xy. 
Figs. S and 2. 



If two planes be perpendicular to each other, every line 
drawn from a point in one plane perpendicular to the other 
lies wholly in the former ; and therefore meets the latter in 
the common section of the planes. 

From this and the definitions it follows ; that 
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Theorem III. (i) A point in one plane of projection 
has its projection on the other inxy\ 

i. e. If the point be in the vertical plane, its plan is in 
xy. If in the horizontal plane, its elevation is in that line. 

(2) If a given plane be perpendicular to one plane of 
projection, its trace on that plane contains the projections 
on the same of all points, lines, &c. in the given plane. 

(a) Thus if an inclined Diane be perpendicular to the 
vertical plane, the elevations of points in the inclined plane 
will be in its vertical trace. Ex. gr. A circle of 3 inches 
diameter in a plane 30® which is perpendicular to the verti- 
cal plane, has a segment of 3 inches of the vertical trace for 
its elevation, 

{P) A plane inclined to the vertical plane of projection 
and perpendicular to the horizontal plane, has the plans of 
all lines in it in its horizontal trace. Accordingly the plans 
of the vertical faces of a right prism resting on its base 
coincide with the lines forming the sides of that base. See 

Fig. S- • 

Theorem IV. The projections of parallel straight lines 
are parallels. 

Theorem V. The projections of a perpendicular to a 
plane are perpendiculars to the traces of the plane ; 

i. e. The plan of the perpendicular is at right angles to the 
horizontal trace; the elevation of the perpendicular is at 
right angles to the vertical trace. 

Theorem VI. If a straight line lies in a plane and has 
traces, they will be in those of the plane. Hence, if a plane 
is required\'whicji shall contain a givea line, th6 traces of 
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the line must be determined and those of the plane drawn 
through them. 

Theorem VII. The angle which the tangent plane to 
a right cone makes with the base of the cone is measured 
by the plane angle which a generatrix of the cone makes 
with the base. 

Theorem VIII. If a plane touches a conic surface 
and a second plane intersects them, the trace of the tangent 
plane on the intersecting one is a tangent to the trace of 
the conic surface on the same. 

Theorem IX. (a) The orthographic projection, i. e. 
the plan or elevation, of a finite straight line is equal to 
the original line if the latter be parallel to the plane of 
projection. The projection diminishes as the angle of in- 
clination of the line increases, and becomes a minimum, 
Le. a point, when the angle of inclination reaches 90°: or 
when the line is perpendicular to the plane** 

iP) The projection of a rectilineal angle on a plane 
parallel to that of the angle is an angle equal to the 
given one. 

The projection, on the same plane, of the circular arc 
subtending that angle will also be equal to that arc. See 
Figs. 21 and 22. 

Similarly, the projection of any figure on a plane 
parallel to it is a figure equal in all respects to the 
given one. 

* The length of the projection of a finite line L inclined ^ to the 
plane of projection is L cos 9* 
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And the area of thie projection of a given figure de- 
creases as the dihedral angle of the plane of projection 
and the plane of the given figure increases. 

When this angle is a right angle the projection of the 
figure is a minimum, i. e. a straight line, as before indicated. 

These considerations will determine the positions of 
the planes of projection selected, in reference to the data 
or qusesita of a given problem. 

A particular operation called ^constructing* a plane is 
often necessary, which we now proceed to explain. 

A plane is said to be constructed when it has been 
folded or revolved about its trace as an axis into a plane 
of projection : carrying with it all points, lines and figures, 
which are contained in it 

The plane may thus revolve about its vertical or hori- 
zontal trace into the corresponding plane of projection. 

This operation is necessary when it is required to show 
the real magnitude of an angle or figure lying in a single 
plane. 

Theorem X. Points so ' constructed' will lie or have 
their loci in perpendiculars to the trace used, drawn through 
their corresponding projections. 

Thus if the horizontal trace be used the 'constructed' 
points will lie in perpendiculars to that trace through their 
respective plans, &c 

The reason for this relation or 'locus' will be obvious 
by considering that perpendiculars on the trace from 
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points in the plane move in planes perpendicular to that 
axis. 

Also if points have fixed positions with regard to the 
rotating plane, their projections upon it when in its second 
position will be in perpendiculars to the trace used, drawn 
through the elevations or plans of the points according as 
that trace is the horizontal or vertical one. 

These loci are to be made use of in determining the 
projection of a frustum of a solid on a plane which passes 
through it 
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DEFINITIONS ILLUSTRATED. 

Fig. 3- 
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Examples of points determined in various positions by 
their projections. 

Point A QToal is in the ist dihedral angle of the planes of 

projection. 
B or bV „ 2nd 
C or cd „ 3rd 

DozM „ 4th „ „ „ „ „ 

^ or d^ is in the horizontal and behind the vertical 

plane. 
Foiff is in both planes. 
G ox g^ is in the vertical and below the horizontal 

plane. 


















>> 
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DEFINITIONS ILLUSTRATED. 



II 



Point H ox hhl is equidistant from the horizontal and ver* 

tical planes. 
,, K or kH is in the vertical and above the horizontal 

plane. 

Observe, That to find the projections of points satis- 
fying given conditions of position with regard to the planes 
of projection the relations indicated in Theorems I. and II. 
will suffice. 




Examples of lines in various positions determined by 
their projections. 
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The segment AB or dby a'V is in the ist dihedral angle of 

planes. 
CD OT cdf dd „ 2nd 
EFoxef.^f „ 3rd 
GH or gh,^K „ 4th 
MNox mn, wlri „ ist 

and the line is perpendicular to the vertical plane. 
OP or op^ dp' is in the 1st dihedral angle. 













Examples of planes defined or expressed by their traces. 
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The portion included between the infinite branches oh 
and tLi/ of the given plane is in the first dihedral angle of 
the planes of projection. 

The portion between the branches asf and a/' b in the 
second dihedral angle* 

The portion between of and o^' is in the third angle, 
and the portion between branches og and o^ is in the 
fourth angle. 

The plane qlni is perpendicular to the vertical plane 
and makes an angle of V with the horizontal. 

The plane n^ is at right angles to the horizontal and 
makes an angle of ^ with the vertical plane. 

The plane rs^ fu* is parallel to xy and meets both 
planes. 

The plane h&v' is at right angles to xy and therefore to 
both planes of projection. 



MEMORANDA 

FOR WORKING THE PROBLEMS IN ENSUING CHAPTERS. 

All the solids given are assumed to be ^ right ^ unless 
othensdse expressed. 

All dimensions and arrangements, not expressly men- 
tioned and limited, may be assumed at pleasure. 

The inclinations of all lines and planes must be under- 
stood, unless otherwise mentioned, to be io the horizontal 
plane. So likewise with all ^constructions;^ see page 8. 

Invisible edges. In flan the invisible edges are those 
which are hidden by the rest of the solid to the eye looking 
through the solid at right angles to the horizontal plane. In 
elevation they are those which are similarly concealed from 
the eye looking through the solid at right angles to the ver- 
tical plane. Invisible edges must be drawn in dotted lines. 

Sections, The teacher should give directions for sections 
with each problem, as far as possible. 

Also stvtTdX plans and elevations may advantageously be 
completed of the solids given in many of the. problems. 



I. 



SOLIDS IN SIMPLE POSITIONS. 

I, Draw plan and elevation of a pyramid^ 3*5 inches 
high, with square base of 2'^ inches side, when resting with 
its base on the horizontal plane, and with one side of the base 
making an angle of 30° with the vertical plane. 

Commence with the plan. This will be the square of 
the base with the opposite comers joined for the plans of 
the slant edges of the solid. 

For the elevation take the ground line xy inclined 30^ 
with one side of the square and draw perpendiculars to xy 
(Theorem I.) from the four comers and the centre of the 
square.. The elevations of the four comers of the square 
will be in the ground line, because the . base of the solid 
lests on the horizontal plane. The height of the pyramid, 
3-5 inches, must be set up from the point where the per- 
pendicular from the centre of the square meets the ground 
line, and at right angles to the ground line (Theorem II.). 
The whole elevation will be completed by joining the 
elevation of the vertex to the four points determined on 
the ground line for the elevations of the four comers of the 
base. 

Invisible edges. In this plan all the edges of the solid 
are visible. In this elei>ation the slant edge of the pyramid 
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nearest xy is invisible. The two sides of the base nearest 
xy are also invisible, but as they coincide with the two other 
sides in the xy^ they cannot be shown in dotted lines. 

Note. It must be understood that from any ontpian 
and elevation any number of elevations can be drawn by- 
assuming vertical planes, that is, by taking new ground lines, 
in different positions round the solid, and working from the 
plan to them. For example, if a solid were j)laced on the 
floor of a room, four elevations of it might be shown on the 
four walls of- the room, which are so many vertical planes of 
elevation. And so from any one elevation and plan any 
number of plans may be determined by assuming horizontal 
planes in the desired position about the elevation, and 
working from the elevation to them. 

E.g. For a new elevation. The new ground line, xy, 
being taken, draw perpendiculars to it from the plans of the 
various points of the solid, and on these perpendiculars from 
xy mark the various heights of the points, to be takeii from 
the elevation already drawn, and complete by joining the 
points thus found as already joined in plan. 

For a new plan. The new xy being taken, draw perpen- 
diculars to it from the elevations of the various points of the 
solid, and on these perpendiculars mark from xy the various 
distances which the points are from the first plane of eleva- 
tion to the plan first drawn, and complete by joining the 
points as already joined in elevation. 

2. Plan and elevation of a pyramid with base a regular 
hexagon of i'$ in. side, when resting on its base, and with 
one side of base inclined 40® to the vertical plane. Height 3-5 
inchfs^ 
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3. Plan and elevation of a prism^ 3*5 inches long^ with 
square bases ^2*5 inches sidCy when resting on one base and 
with one face inclined 30* to the vertical plane. 

From its position a square of 2*5 inches will represent 
the whole solid in plan. The sides of the square will be 
the plans of the vertical faces ; if therefore xy be taken at 
30® with one of these sides, the required position of the ver- 
tical plane will be secured 

4. Flan and elevation of a cylinder; axis 3*5 inches, ho- 
rizontal, and inclined 40® to the vertical plane. Diameter of 
base 2*5 inches. 

The plan of the cylinder will be a rectangular parallel- 
ogram. In elevation the bases will be two ellipses, which 
will be best drawn by determining their major and minor 
axes from the plan. To do this, determine the elevations 
of the four points which are at the extremities of the hori- 
zontal and vertical diameters of each circular base : these 
points will be the extremities of the major and minor axes 
of the required ellipses. 

5. Plan and elevation of a cone standing on its base. 
Height 3 '5 inches. Diameter of base 2*5 inches. Determine 
also a second plan when resting on its conical surf cue. 

For the second plan, use the. elevation already deter- 
mined and draw the new-^a^ parallel to one of the sides of 
the triangle which is the elevation of the cone. 

6. Plan and elevation of a prism, 3*5 inches long, with 
bases regular hexagons of i'^ inches side, when its lowest face 
is inclined 20°, its axis horizontal, and inclined 40® to the ver- 
HccUplane. 

E. G. 2 
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Commence by drawing an elevation^ when the solid is so 
placed that the elevations of both bases coincide, i. e. when 
the axis is at right angles to the plane of elevation. This 
elevation will be simply the regular hexagon, hplan can 
readily be deduced from it by taking a ground line making 
an angle of 20® with one of the sides of the hexagon. A 
second eievation, the one required in the question, can then 
be determined by taking another ground line at 40° with 
the plan of the axis. The heights in this second elevation 
can be taken from the first auxiliary elevation. 

7. Plan and elevation of the prism^ Problem 3, with its 
axis horizontal^ inclined 45° to the vertical plane, and its 
lowest face inclined 30°. 

The work corresponds to that in the last Problem. 

8. Plan and elevation of a tetrahedron with one face hori- 
zontal and I inch above the horizontal plane. Edge 3 inches. 
One horizontal edge to be inclined \^ to the vertical plane. 

The plan will be an equilateral triangle of 3 inches side, 
with the corners joined to the centre for the plans of the 
slant edges of the solid. 

The base being horizontal, its elevation will be a straight 
line and at the required height, 1 inch, above the ground 
line. 

The edge of the tetrahedron being known, the height of 
the vertex above the horizontal base can be determined by 
making a vertical section through the vertex and one slant 
edge. To find this, make a right-angled triangle with the 
length from a corner of the base to its centre for the base of 
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the triangle, and the true length of the edge of the tetrahe- 
dron for the hypothenuse. The perpendicular will be the 
height required. 

9. The surface of a sphere^ diameter 3 feety is divided into 
equal portions by 4 great circles^ one horizontal and three 
vertical. Draw an elevation of the sphere and circles on a plane 
parallel to one of them, SccUe ^^ . 

10. A street-lamp is formed of a right pyramid, and a 

frustum of one; the slant edges of former inclined 45^ The 

common base of the solids is a square of 20 inches side^ and the 

lower base or end of frustum is a square of iz inches side and 

20 inches below the other. 

(a) Determine an elevation on a plane parallel to a 
horizontal edge. 

(b) Determine an elevation on a plane which makes an 
angle of^o° with a horizontal edge. 

Scale J. 

Thtplan is a square of 2*5 in. with the opposite comers 
joined for the slant edges, and with a second square of i '5 in. 
within and parallel to the first. 

In the elevation (a) the slant edges are drawn 45° with 
the elevation of the base of pyramid. 

11. A ladder 50 feet long and of the uniform width of 3 
feety rests against a vertical wall and makes an angle of ^o^ 
with the horizontal plane on which it stands, 

{a) Draw a plan, with an elevation on a plane parallel 
to that of the wall, 

2 — 2 
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{b) Also an devaiian on a plane making an angle of 40** 
with that of the wall. 

Scale 10 feet to i inch. 

N.B. — Rungs and sides to be represented each by a single 
line. Three rungs only to be shown ^ dividing the length Of the 
ladder equally. 

Commence with an auxiliary elevation on a vertical 
plane paurallel to the ladder. 

For this, draw xy and lay oj9F the angle 70®, and on this 
line measure the length of the ladder: thence determine 
plan. 



IL 



COMBINATIONS AND GROUPS OF SOLIDS. 



I. A prismy with hoses equilateral triangles , is placed 
with one face on the horizontal plane. On the centre of it 
rests a brkk^ 9 ^y 3 ^y 4'S i^^hes, with one of the short 
edges of a large face touching the ground^ with the centre of that 
face touching the highest edge of the prism and with the face 
itself inclined 45°. UorizontcU edge of prism 9 inches. The 
side of the equilateral bc^e to be determined from the question. 
Scale \, Draw plan and elevation^ and a second elevation 
taking the vertical plane at 30® with any horizontal edge of the 
prism. 

Commence with an elevation so placed that both bases 
of the prism coincide. To do this, draw first the elevation 
of the brick, which will be simply a rectangular parallelo- 
gram. Through the lowest comer take xy making the re- 
quired angle with the line that represents the face inclined 
45°, and make the centre of this line the vertex of the tri- 
angle, recollecting that the elevation of the base of that 
triangle must according to the conditions be in xy, the 
ground line. The work for ^tplan is simple. The second 
elevation will be determined by taking the new ground line 
30® with any horizontal edge of the prism, and working to it. 
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2. Instead of the prism take a cylinder with brick touch- 
ing it and otherwise disposed as above. The base of the cylin- 
der to be determined from the question; i. e. so that the horizon- 
tal bisecting line of the face of the brick may be in contact with 
the cylinder, 

3. Plan and elevation of a block and prism under the fol- 
lowing conditions: 

Block, I inch thick, with faces 3 inches square. 

Prism, base a regular hexagon of i inch side, edges of the 

faces 4 inches, extending equally on each side of the block and at 

right angles to its square faces, axis of prism passing through 

the centre of the block, two faces of prism parallel to two 

narrow faces of the block. 

(i) Plan and elevation when the prism has two faces 
horizontal, the block standing with one narrow face on the 
horizontal plane and with the short edges of that face inclined 
40^ to the vertices plane. 

Commence with an elevation so placed that both bases 
of the prism coincide. The elevation of the block will then 
be the square, and that of the prism the regular hexagon in 
the centre of this square with two sides parallel to two sides 
of the square. From this auxiliary elevation determine 
plan, and thence required elevation. 

(2) Plan and elevation when the whole is tilted so as 
to rest on one edge of the Mock and on one corner of the base 
oftheprism^ 

If a ground line is taken touching one comer of the 
block and one adjacent comer of the prism in the plan 
determined above, this plan may be considered as an 
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elevation of the solids in the required position and the 
required plan be at once deduced therefrom by working to 
the ground line so taken. 

4. Plan and devotion of a cylinder ^ 4 inches long^ dia- 
meter of base 2 inches, passing through the centre of a circular 
slab, I inch thick and 3 inches in diameter ; the cuds of the 
cylinder at right angles to and extending equally from both 
faces of the sled?. The whole to be phued resting on the rim of 
the slab and the rim of the cylinder. 

5. Describe three circles with radii i'5 in, touching one 
another and join their centres. Consider the circles as the 
plans of three spheres resting on the horizontal plane, and the 
triangle as the plan of the base of a tetrahedron resting upon 
them. Complete plan and elevation of the whole, and draw 
a second plan when one of the slant edges of the tetrahedron is 
horizontcU, 

For the second plan take xy parallel to the elevation of 
any slant edge of the tetrahedron. 

6. A tetrahedron, edge 2*5 inches, stands on a square 
block, and has an edge parallel to a side of the square. The 
block is I inch thick, and its square faces have sides of y^ 
inches. An axis of the tetrahedron if produced, passes through 
the centres of the squares. 

Draw plan and elevation-^ 

(d) When the square faces of block are horizontal and 
the plane of elevation makes 30° ivith a side of a 
square, 

{b) When only one slant edge of tetrahedron is horizontal. 
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7. A circular slaby i inch thick, diameter 3 inches^ rests 
on one face. On it is placed a tetrahedron of 2 inches edge^ 
axis vertical and over the centre of the slab. Draw plan and 
elevation, and a second plan when the rim of the slab and the 
vertex of tJie tetrahedron touch the horizontal plane. 

For the second plan take xy touching the elevations of 
the vertex and the rim of the slab. 

8. A rectangular prism, 4 inches long, with square hases 
of 2'^ inches side, is to be drawn when one diagonal qf the 
solid is either vertical or horizontal. 

Draw a plan and elevation of the solid resting on one 
of the square bases, with one diagonal of the square at right 
angles to the ground line. 

If two opposite comers of the rectangle which is the 
elevation of the solid be joined, this line will be the eleva- 
tion of the diagonal of the solid shown from its position 
in its true length. A plan may then be determined with 
this diagonal vertical or horizontal by taking xy at right 
angles to or parallel with the elevation of this diagonal. 

9. Plan and elevation of a pyramid with heocagonal base, 

a. With one face ABV horizontal. 

b. When one face is vertical, 

€* When one edge is horizontaL 
d. When one edge is vertical. 
Determine plan of the pyramid when resting on its base. 

For a. Determine elevation on a vertical plane taken 
at right angles with the plane of face AB V, Then the 
required plan may be deduced by taking xy parallel to 
the line which represents the elevation of face ABV, and 
working to it. 
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For h. Take xy perpendicular to the line representing 
the elevation of face ABV. 

For c and d. Determine an elevation where the edge 
is shown in its true length. Then xy taken parallel for r, 
perpendicular for //, to the elevation of this edge will place 
the pyramid in proper position for the plans required. 

lo. Plan and devotion of an octahedron^ edge 3 inches, 

(a) When an axis of the solid is vertical and rests on the 
horizontal plane, 

(b) When resting with one face on the horizontal plane, 

(a) Describe a square of 3 inches side and join the 
diagonals. This will be a plan of the solid in required 
position. For the elevation it is only necessary to know 
that the length of the axis is equal to a diagonal of this 
square, and that the heights of the horizontal edges are 
half that diagonal. 

{b) Describe an equilateral triangle of 3 inches side, 
and from its centre with radius to one of the comers de- 
scribe a circle. In this circle complete the hexagon, of 
which the three comers of the triangle are altemate points. 
This hexagon with the altemate points duly joined is the 
required //a«. 

For the elevation it is necessary to find the distance 
between the parallel faces. This is done by a vertical sec- 
tion through one axis of the solid. This section is a rhom- 
bus, the shorter diagonal of which is an edge of the solid, 
and the side of which is the altitude of the equilateral tri- 
angle forming the horizontal or any other face of the solid. 
The distance between the opposite sides of the rhombus 
gives the distance between the parallel faces of the solid. 



III. 



PROBLEMS ON THE STRAIGHT LINE 

AND PLANE. 



Obs. To express points, lines and planes, see Problems 
I to 7. 

Problem I. 

Given the projections ab, a'b' of a finite straight line to 
determine: 

1. The length of the segment AB of the given line^ or 
the distance between points A and B. 

2. The angle of inclination of the line to each plane of 
projection, 

3. Th€ trcues of the given line and the distance between 
them. 

I. The line AB lies in each of its projecting planes: 
* construct ' or turn either of these into the corresponding 
plane of projection and the segment AB is shown. 

Let the projecting plane for the plan c^ revolve about 
this line as an axis, into the horizontal plane. 
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From points a and h set off the projectors aA and bB^ 
equal to ad and j8^' respectively, and at right angles to ab^ 
on the same side of it. 

Join A and B\ AB is the required distance or length 
of segment. 

Observe. The length AB (being the hypothenuse of the 
right-angled triangle of which the sides are ab and the 
difference of the projectors Bb and Aa) may be found by 
setting this difference from b along bB to S and joinmg 
S to df. 

2. The angle a straight line makes with a given 
plane is the angle between the line and its orthographic 
projection on that plane, or the angle which AB makes 
with aby and is therefore the angle ft 
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For the same reason ^ is the angle which the given line 
makes with the vertical plane of projection. 

3. The 'traces' of the line being points in the 
planes of projection have each of them a projection in xy^ 
viz. H and v (Theorem III.); but the elevation clh' pro- 
duced contains h'y therefore the intersection of these lines, 
namely, xy and the elevation, gives point K\ and Theorem I. 
and the plan of the line give point h. The corresponding 
loci of V and v determine those points* 

The distance between the traces H and Vol the given 
line is obviously the length ^ F, as shown in figure. 

Corollaries given below. 

As an exercise on this problem determine the inclina- 
tions of the given lines, AB^ CD, EF, &c., and their traces, 
and the lengths of the segments indicated. See Fig. 4. 

Converse of Problem i : . 

(i) Given the traces of a straight line; or 

(2) Its inclination and plan; or 

(3) Its length and inclination; or 

(4) Length and position of extremities of finite por- 
tion; to draw or determine the projections of the line. 

(i) If the traces hK and w' be given, — 
Join h and v and h' and if. 
Then hv^ h!v are the projections required. 

(2) If the plan hv be given making a given angle hva. 
with xyy and the line inclined at an angle of 9 degrees. 

At any point h in the given plan draw h V, making the 
angle ff^ with Av. 
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Assume points a and 3 in the plan, draw the perpen- 
diculars aA and ^B, and find points a and d' by Theorems 
I. and II. and join (/, V. 

Then o^, dV are the projections. 

(3) If the length AB be given, its inclination tf, and 
the position ad of one extremity A. 

Through a draw the indefinite plan kv. 
Set aA at right angles to ab and equal to ad. 
Through A draw h V, making the angle $ with kv. 
From A set off AB along this line and determine 6 and V* 
abj dV are the required projections. 

(4) If the length AB be given and the positions of 
its extremities A and B with regard to the two planes. 

Draw ad the projections of one extremity A^ fi-om the 
conditions Theorems I. and II. 

Also any point pp' fi'om the conditions for the other 
extremity B and through / draw a parallel to xy\ this is 
a locus of b the other extremity of the plan ah required. 
Determine the length ab* of the plan; measure this length 
from alo 2k point b in the parallel, and the position of ab 
is fixed; V may be found of the height of/', and ab^ db' 
are determined. 

The student will observe that the problems admit of 
one, two, or more, or an infinite number of solutions. These 
cases should be studied. See Problem 2. 

• The base of a right-angled triangle, hypothenuse AB and altitude 
equal the difference of the heights of A and B. 
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I. (3), Cor. I. To determine the ^irctces^ of a given plane 
when the data are : 

(i) Two straight lines ( Parallel or meeting), 

(2) A straight line and a point* 

(3) Three points, 

(i) The horizontal and vertical traces of the given 
lines must be found by Problem i, and the corresponding 
traces of the plane drawn through the points thus found. 
Theorem VI. 

(2) Find the traces of the given line. 

Draw the projections of a line parallel to it, through 
those of the given point (Theorem IV.), and find its traces. 

Or, by Theorem I., determine the projections of any 
point qq in the given straight line; join the projections of 
this point with //' those of the given one; then the line 
PQ, li6s in the given plane. 

The traces of the two lines give those of the plane, 

(3) Join the corresponding projections of the given 
points; and determine the traces of the three lines of 
which those joining lines are the projections. 

The traces of the three lines give those of the plane. 

Ohs, If the given plane meets xy only three traces of 
the lines lying in it need be found; e.g. two in the horizon- 
tal trace of the plane and one in its vertical trace : the 
latter joined to the point of intersection of the horizontal 
trace of the plane with xy gives the vertical trace of the 
plane. 

I. Cor. 2 (see figure). Given the traces of a plane and 
one projection abofa straight line which lies in that plane ; 
tj determine the second projection a'b' of the line. 
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Since the traces hh' and w' of the line must be in those 
of the given plane (Theorem VI.), determine these points, 
then the line drawn through points h\ v' is dh' the required 
elevation. 

Fig- 7. 




Observe, Point H lies in the given straight line AB^ 
hence the projections hJi of the point are in those of the 
line. Thus ad is sl locus of A, and of v ; the horizontal trace 
of the plane is a second locus of ^, and xy of v, which 
points are thus determined : perpendiculars to xy through 
them are loci of A' and v\ Theorem I., which points are 
thus also determined. 
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I. Cor. 3. To determine a point pp' of given, altitude 
a inches (or a!') in a given plane hav'. 

Fig. 8. 




In the given vertical trace av\ take a point /', a" high, 
Theorem II. \ find p in xy^ Theorem I. ; then pp' is the re- 
quired point. 

I. Cor. 4. To determine a horizontal line a" highy in a 
given plane hav'. Fig. 8. 

Determine^' as before. 

Through/ dx2LYfpq parallel to ha, Theorem IV, 

Through/' draw/'/ parallel to xy. 

Then/j^,/'/ is the required line. 
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Problem II. 

Through a given point aa' to draw a straight line in- 
dined ^ to the horizontal plane. 

Fig. 9. 




If a right cone be determined having its vertex in 
the given point A^ axis equal to ^ a and generatrix in- 
clined ^, every generatrix of the cone fulfils the given 

E. G. 3 
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conditions. The conic surface is therefore a locus of the 
required line. 

To work the problem : 

Through point a' draw a's' making the angle a's'a equal 

to e. 

Through a draw as parallel to xy, then as, a's' is parallel 
to the vertical plane and inclined ^^ 

With centre a and radius equal to as' describe the 
circular base klm of the cone which gives the complete 
solution. 

Observe, The four lines AHy AK, AL^ AM are in- 
clined G^, and make equal angles with the vertical plane. 

Problem III. 

To determine a straight line which shall make a given 
angle with the horizontal plane and an angle ff> with the 
vertical plane of projection, 

A line inclined ff^ will lie on the surface of a right 
cone with axis vertical and generatrix inclined tf® to the 
base. 

Determine such a cone having its vertex in point oo' 
in the plane of elevation : I^ps will be its circular base. 
That generatrix of the cone which makes an angle 4> with 
the vertical plane will be the line required. To find this. 
Knowing the length o'l^ of this generatrix, determine the 
length o'r of its elevation as in the figure ; and since the 
position of o' one extreiiaity of it is fixed, that of the other, 
viz. /', in xy, may be found as indicated. The perpendi- 
cular to xy from /' is a locus of /, and intersects the cir- 
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cular arc Rps^ which is another locus of /, which point 
is thus determined. Join op^ o'p'\ it is the required line. 

Fig. 10. 




It is obvious that there are four such lines on the 
surface of the cone, and therefore there are four sohitionH 
of the problem, when ^' is a given point in the line. 

It will also appear from the above, that the 9ecjmd 
angle ^ cannot exceed the complement of ^ or (cjo^O) 
degrees, 

3—2 
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Problem IV. 

To draw or ddermine the traces of a plane inclined $ de- 
grees and perpendicular to the vertical plane of projection. 
See Fig. 5, * Planes '. 

Draw the horizontal trace ql of the required plane at 
right angles to xy^ meeting it in point /; and through / 
draw Ini making the angle ylni equal Q : qlm is the re- 
quired plane. 

It is obvious that Ini and ly are the two perpendiculars 
to qly the horizontal trace, or common section of the 
planes, at the point / in it, which form the measuring-angle 
of the inclination of these planes to each other. 

The plane of Ini and ly having been turned 
into the horizontal plane, Ini in Fig. is no 
longer perpendicular to qL 

Similarly (see Fig. ' Planes ') a plane n^' may be drawn 
at right angles to the horizontal and making an angle ^ 
with the vertical plane of projection. 

Problem V. 

To determine the a^igles and <^ which a given plane 
hav' or am, mV makes with the planes of projection; and 
to determine the angle between its traces. 

Since a dihedral angle is measured by the plane angle 
formed by two perpendiculars drawn one in each plane 
to the same point in their common section, the plane of 
this rectilineal angle is perpendicular to the ' trace ' of the 
given plane. * Construct * the plane of this angle, revolv- 
ing it about that line of it which is in the plane of pro- 
jection in question, and the required angle of inclination 
is obtained. 
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Thus at point a in the horizontal trace ho. (Fig. ii) 
two such perpendiculars av and aV were found, and at 

Fig. II. 
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point ^' in the vertical trace perpendiculars d'h! and dH^ 
and the required angles shown. 

To determine the magnitude of the angle hon/ between 
the- traces of the plane. 

Let the plane be * constructed * or folded about its 
horizontal trace ho. until it coincides with the horizontal 
plane. 
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Then the length aV measured from a along av pro- 
duced to Fj gives a second point in the second line of 
the required angle. Join a^, and ^a^^is the angle between 
the traces of the plane. 

Problem VI. 

Given the horizontal trace ah of a plane inclined 6 to 
determine its vertical trace av'. 

At any point a in the horizontal trace draw av at right 
angles to it and meeting xy in v. Fig. ii. Draw aV 
making the angle va V equal to the given angle 0, From ?' 
draw vV'dX right angles to av, and from v set off the length 
vv at right angles to xy and equal \o vV, Then the 
straight line through a and v' is the vertical trace required. 

See Problem III. Chap. viii. 

Problem VII. 

To determine the traces of a plane making an angle of 
degrees with the horizontal and an angle of <^ degrees with 
the vertical plane, 

. When a plane touches a right cone it is inclined at the 
angle which the generatrix of the cone makes with its base. 

Determine two right cones (Fig. 12) with vertices q' and 
V and bases tuw and s/m' in the horizontal and vertical 
planes respectively; the generatrix q't making an angle B 
with its base tuw, and generatrix vs an angle <^ with its base 
srm\ The common tangent plane to these cones is the 
plane required. 

The surfaces of the cones have a common point //' 
which is also on the surface of a common sphere enveloped 
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by them and having its centre o in xy. See Figure 13. 
Hence the plane of points jP, Q and V\& that required^ 



Fig. n. 




To work the problem. 

Commence with one of the vertices, assuming point Q 
01 q' in the vertical plane. Fig. 12. Draw q'o indefinitely at 
right angles to xy^ meeting it in ^ ; and draw q*t as above 
described, making angle 6 with ocy^ on which let fall the 
perpendicular oc* from ; the circle described with centre 
and radius od gives the common inscribed sphere of the 
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two cones, vs drawn as above mentioned, making the angle 
(^ with xy^ and touching this circle in dy meets q'o produced 
in the point v^ which is the second vertex. Tangents to 
the bases of these cones through v and q' meet xy in point 
a and give the traces of the required plane q'a.v. 

Fig. 13. 




Limits. The sum of the given inclinations or tf + <^ lies 
between 90* and 180*. 
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Obs, To eXji rmB given combinations of points, lines, 
and planes, see Problems 8 to 28. 



Problem VIIL 

To ddermiru a straight line inclined 9 to lie in a given 
plane qb'm'. 

Fig. 14. 
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Limits, The angle ^ is the angle of inclination of the 
given plane. It is therefore obvious that the angle of incli- 
nation 6 of the given line must be not greater than <f>. 
For no straight line can lie in a plane and have a greater 
inclination than that of the plane. 

Construction. Assume point aa! in the given plane. 

Make the angle a'^a equal 0. 

With centre a and radius ap describe the arc Pcb meet- 
ing the trace qb' \n b ox d*, then ab, a'b' or hd, a'd' is the 
required line. 

Observe, that each of the lines AB and AD satisfies 
the conditions of the problem. 

The cone, vertex A and base dcbj is the locus of all 
lines through A inclined 6. 

The given plane is a second locus of the required line. 
And these loci intersect in the lines AB and AD only. 



Problem IX {converse of Problem VIII). 

Through the given straight line ab, a'b' (^hich is inclined 
6) to draw a plane inclined ^. 

Since the given line is to lie in the required plane, its 
traces must lie in those of the plane, Theorem VI. De- 
termine these traces bb\ vv\ Problem i. 

Determine a right cone, with vertex in point ad of the 
given line, and base tuk in the horizontal plane, its gene- 
ratrix making the given angle ^ with the base. Eveiy 
tangent plane to this cone is inclined <^®, Theorem VII. ; 
and the straight line through b touching the base of the 
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cone in / is- the horizontal trace of such plane, Theorem 
VIII. By producing this line to meet xy in s and joining 
sv\ we obtain the vertical trace of the required plane. 

For this plane tsv\ passing through points A and B in 
the given line, contains that line; and touching the cone 
has the required inclination. 

Note: That the radius at of the base of the cone is taken 
equal to aj8 in figure. 

Also, that a second plane hwv\ having ub for its hori- 
zontal trace, likewise satisfies the conditions of the problem. 

N.B. Point w lies out of the figure. 
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Problem X. 

To determine the magnitude of the angle which the two 
given straight lines OH, OF make with each other. 

Fig. i6. 




Determine the horizontal traces j$^' and hh* of the given 
lines, then (Theorem VI.) the horizontal trace ^ of the 
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plane of the lines passes throu^ points f and h^ and its 
vertical trace ^v' through v\ vv being the vertical trace 
of OK 

^Construct' the plane fpVj revolving it about its trace 
fP into the horizontal plane; then fOh the required angle 
is exhibited. 

The indefinite perpendicular on the horizontal trace 
through the point ^ is a locus of O (Theorem X«), and the 
length Oa is made equal to the hypothenuse of the right- 
angled triangle, of which oa is the base and o'€ the altitude. 

Cor. To bisect the angle formed by two given straight 
linesy as OF and OH. 

' Construct' the plane of the angle as above; and bisect 
the dJi^tfOh thus found by a straight Os meeting the hori- 
zontal trace used in point j; obtain / in xy^ and join os^ o's\ 
these are the projections of the required bisecting line. 



Problem XL (See Fig. i6.) 

To draw a straight line oh, oTi' through a given point 
pp' to make a given angle $ with a given straight line of, o'f. 

Determine the horizontal trace fp of the plane of the 
given straight line OF and point P (Prob. i, Cor. i). 
* Construct' this plane, and through P so 'constructed,' 
draw the line OP making the given angle $ with OF in the 
horizontal plane. Determine the projections oo' of point (?, 
join opy dp*y they are the projections of the required line. 

Note: That the construction of this problem is made 
more simple by using a second plane of elevation perpen- 
dicular to that of the angle. Theorem III. (2). 
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Problem XIL 

To ddermiru the projections of the intersection of two given 
planes hav' and h)3v'. 

Fig. 17. 




The planes intersect in a straight line, which lying in 
both planes has its traces in those of the planes. Hence 
v'j in which the vertical traces meet, is the vertical trace of 
the line of intersection, the plan v of this point is in xy^ 
and is found by a perpendicular to it (Theorem I.). Simi- 
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larly, h is the horizontal trace of the line required, and ^', 
its elevation, is found in xy by a perpendicular to that line. 

Join hvy h'v\ these are the projections of the required 
line. 

Cor. I. To determine the intersection of three given planes. 

Determine the intersection JIV as in the problem, of 
planes (i) and {2) : then the intersection AB of planes (2) 
and (3). AB will meet If F in a. point P which is the 
intersection required and is the vertex of the solid angle 
formed by the three given planes. 

CoR. 2. To determine a straight line which shall pass 
through a given point 00' and meet two given straight lines 
ab, a'b', and de, d'e'. 

Determine the traces of the plane of the point O and 
the line AB ; likewise those of the plane of point O and 
the straight line DE, Then the intersection of these two 
planes is the line required. 

Problem XIII. 

To determine a straight line at right angles to a given 
plane qlm' which shall pass through a given point pp'. 
Fig. 18. 

Since the projections of a perpendicular to a plane are 
perpendiculars to the * traces' of the plane, Theorem V.; 
ps drawn through a point / at right angles to ql, and p's' at 
right angles to lm\ are the projections of the required line. 

Conversely, To determine a plane at right angles to a 
given straight line /j, p's' which shall pass through a given 
point ii' in the same. 
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Fig. i8. 




Draw the traces //a, ^'a of any plane dtu\ by the pro- 
blem, at right angles to the given line. 

Determine the projections of any line lying in this plane 
and through the given point draw a parallel ih^ iH to the 
line determined, and find its trace hhl. 
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Through h draw <^/at right angles Xops meeting xy in /, 
and through /draw Im* at right angles to /V: qlm* is the 
required plane. 

Cor, I. To determine the distance of a given point pp* 
from a given plane qlm'. 

Before reading this corollary study the following Pro- 
blem No. 14, and by it determine point ii' in which the 
perpendicular FS to the plane intersects it. 

Then by Problem i determine the length IF of the 
perpendicular of which ip, i'p' are the projections. IF is 
the required distance of the given point F from the plane. 

Cor. 2. To determine tuio parallel planes at a given dis- 
tance (n) inches from each other. 

Determine a straight line BC, and in it mark off the 
length FQj points F and Q being («) inches apart; the 
planes through these points at right angles to the line BC 
are those required. 

Problem XIV. 

To determine the point of intersection of the given straight 
line ps, p's', with the given plane. Fig. 18. 

Every plane which contains the given line meets the 
given plane in a straight line which passes through the 
required point of intersection of the given straight line and 
plane. Assume any such plane pmm\ of which pm and 
mm' are the traces. 

Determine the line of intersection hm^ Km* of this as- 
sumed plane with the given one. 

The projections iV of the intersection of these two lines 
HMzxA FS are those of the required point. 

E. G. 4 
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Another mode of solving this problem is to make an 
elevation of the given line and plane on a plane at right 
angles to the latter : point V in this elevation will be the 
intersection of the elevation of the line with the vertical 
trace of the plane : whence the plan i may be obtained. 



Problem XV. 

To determine the angle which the two given planes qlm', 
qq'm' make with each other ^ L e. to determine their ^proiUc' 
or * measuring angle.* 

Fig» 19* 
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This plane-angle is formed by two straight lines drawn 
one in each plane from a point in their common section 
QM at right angles to that line. (Euc. Bk. xi. def. 6.) 
The plane of these perpendiculars is therefore (Euc Bk. xi. 
4) at right angles to the line QM : hence if this plane be 
determined and 'constructed' about its horizontal trace, 
the required angle wJV is shown. 

To do this, assume the horizontal trace rw of the plane 
of required angle, at right angles to qm^ meeting it in x, and 
the horizontal traces of the given planes in r and w. 

Fold the plane about rw bringing the point Tin QM 
down into the horizontal plane in qm : join TV, Tw, 

The distance Ts is found by making it equal to Ts on 
the vertical plane (as shown), this line being the common 
section of the * projecting plane ' of the plan qm with the 
plane of the measuring angle. 

Conversely. Given the profile or measuring angle of 
the inclination of two planes to each other, to determine the 
traces of the planes. 

Draw the plane qq'm' and determine the straight line 
qm^ ^m' in it 

Draw rs at right angles to qm and determine sT from 
.ST' as before and join rT\ then make the angle rTw-6, 
and point w is determined, through which draw ql the 
horizontal trace of the second plane : im' its vertical trace 
is drawn through the vertical trace of the line QM 
(Theorem VI.). 



4—2 
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Problem XVI. 

Tlirough a given point aa' to draw a plane parallel to u 
given plane qlm'. 

Fig. 20. 




Since if two parallel planes be cut by a third plane, 
their sections with the third are parallel straight lines (Euc. 
XI. 1 6), therefore the traces of the given and required planes 
will be parall*»l «H-j^ight lines. 
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If therefore the given plane be not parallel to xy^ one 
point in either of the required traces being found both those 
lines can be obtained. 

Through the given point A let a straight line be drawn 
parallel to either trace of the given plane ; the trace of this 
line supplies the required point 

Therefore through A or cut' draw the straight line A V 
or aVy a'v' parallel to qi which is a horizontal line ; the 
trace w' of this line gives the point v' in the vertical trace 
Pv' of the required plane: and ph drawn parallel to qi 
through p gives the horizontal trace. 



Problem XVII. 

Through a given point aa' to draw a straight line which 
shall be parallel to a given platie qlm' and have a given in- 
clination $n Fig. 20. 

Ods. The angle 6 cannot exceed the angle of inclina- 
tion of the given plane. 

Through the given point aa' let a plane hpv' be drawn 
as in Problem 16, parallel to the given plane. And 
through point A draw the straight line ar, a'r' by Problem 
89 to lie in the plane hpv'f and have an inclination of 
degrees. 

Another mode of solving the problem is, to determine 
in the given plane a straight line having the required incli- 
nation, and to draw through the given point A a straight 
line parallel to the line so formed. 
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Problem XVIII, 

In a given plane bb'd' to determine a straight line which 
shall be perpendicular to a given straight line ba, bV lying 
in that plane^ 

Fig. 11. 
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•Construct' the given plane, revolving it about its hori- 
zontal trace bV into the horizontal plane. Then AB will 
lie in the horizontal plane in the position Ab, Fig. 2i. 

The point b (or E) does not move during the rotation 
of the plane, being in the axis or trace bb' of the rotating 
plane. The perpendicular to bb* through point a is a locus 
of A^ and the position of point A in it is found by taking 
the length b'ci along the vertical trace VcP of the plane 
and setting it off from the line bb\ A and b joined gives 
the line Ab or AB * constructed/ 

Through point A draw the indefinite line AD perpen- 
dicular to Aby and determine the plan d of any point D 
in this perpendicular. To do this : — ^Through D draw a 
line at right angles to bV for one locus of d (Theorem X.), 
Measure the distance of point D from the line bV and 
set this length from point b\ along the vertical trace of the 
plane, to determine ct. A perpendicular from d to xy is 
a second locus of d. The intersection of these loci of d 
determine that point. Join a and //, then ad^ a'd are the 
projections of the required perpendicular. 

Observe. In the same manner a straight line AD may 
be drawn in a given plane to make any given angle 6 with 
a given straight line AB in that plane. 

N.B. Theorems III. and IX. should be studied in con- 
nexion with this problem and figure. 
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Problem XIX. 

To determine the projections of a given plane figure^ when 
the inclination of its plane is given and that of a straight line 
lying in the plane of the figure. Fig. 21. 

I St. When the given line forms part of the perimeter 
of the figure. 

Let the given figure be a square, its plane inclined 
6 degrees and one side AB of the figure inclined <^ de- 
grees. 

Determine the plane bb'di in it place the line ab^ 
a'b'. 'Construct' the plane as in Problem 18, and on 
AB describe the square ABCD: revolve the plane back 
into its former position and obtain abcd^ the plan of the 
figure. 

2ndly. When the given straight line is a diagonal of 
the given figure or its bisecting line : a tangent, a chord, or 
a diameter of a given ellipse or circle. 

Determine the plane bb'(f of the figure and the projec- 
tion of the given line in it. * Construct ' the plane, and the 
line as lying in it ; draw the given figure in the horizontal 
plane having the required position with regard to the * con- 
structed ' line : and from thence proceed as before to obtain 
the projections of the entire figure when turned back into 
the inclined position. 
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Problem XX. 

Given two straight lines AB, AC making an angle BAG 
of 6 degrees with each other; to determine the projections of 
the lines when AB is inclined at an angle of a d^rees and 
AC inclined ^. 

Fig. 22. 




Observe the conditions of the problem, are possible if 

a + )3 + tf exceed i8o**: 
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if a + j8 + tf equal i8o" 

the plans of AB and -4 C will be in one straight line, i.e. 
the plane of the angle ^-4 C will be a perpendicular one. 

The case in which a + )3 + fl is less than i8o® will be 
that here considered. 

Draw the angle BAC on the horizontal plane. It will 
be necessary to revolve the plane of the angle BA C into 
the inclined position it will occupy when its containing 
lines have the required inclinations. For this purpose a 
horizontal line or trace BM of the plane must be disco- 
vered, about which the plane is to revolve. Assume a 
point B in AB and 

make the angle ABr=a? and 

... ... AfB'=f)o. 

Then Br will be the length of the plan of BA when BA 
is in the required position. 

Now for the same height Ar ( = At)y by the aid of a 
tangent tM to the arc rst determine 

the angle AtM= ^ and 

AfM= 90** : and point M is found. 

The straight line BM is the required horizontal trace of 
the given angle. A plane of elevation having its xy at right 
angles to this line will be always perpendicular to the 
plane of that angle ; and the elevation of the angle upon it 
will be in the vertical trace, Theorem. III. 2. 

ITie elevation of the path of point A is the circular 
arc a"a'y in which a' is determined by the parallel tp xy 
at the distance Ar, 

From a' the plan a is found in AS (Theorem L). 
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Then BaM is the required plan, and 8V the elevation 
and vertical trace of the plane of the given angle. a"8V is 
the angle of the inclination of the plane of the lines. 

Cor. To determine three stra^ht lines meeting in a pointy 
each tine perpendicular to the other two. 

Proceed, as in this problem, to obtain the projections 
of the two lines AB and A C; and through point aa\ by 
Problem 13, determine the projections ae, ae' of the third 
line, at right angles to the plane MSa\ AB^ ACy AE are 
the required lines. 



Problem XXI. 

To determine the projection of a given plane figure when 
the heights of three points in the plane of the figure are given. 

Limits. When the given heights are equal, the projec- 
tion of the figure is an equal and similar figure to the 
given one. 

When the given heights are unequal, the problem is a 
possible one only when the difference between the heights 
of any two points does not exceed the distance between 
these points. 

If this difference is equal to that distance the plane of 
the figure is vertical ; and the projection required will be a 
straight line. 

Let the three given points A^ B and C be at the angles 
of an equilateral triangle of m inches side, and the heights 
of y4, B and Cht p,q and r inches respectively : to deter-; 
mine the plan abc of the triangle. Fig. 23. 

(i) Draw ABC in the horizontal plane. 



6o 



SOLID OR DESCRIPTIVE GEOMETRY. 

Fig. 33. 




(2) Determine point hvaAC which will have the same 
height as B^ viz. q inches. Then hB is • a horizontal line 
when the triangle is in its inclined position. 

(3) By the aid of an elevation at right angles to hB as 
shown, the plan abc is determined. 



STRAIGHT LINE AND PLANE. 6l 

Problem XXII. 

To determine two parallel planes which shall contain 
the given straight lines AB or ab, a'b' and CD or cd, c'd'. 

I St. If the given lines AB and CD are parallel 

Determine the horizontal traces of the lines ; parallel 
lines through these will be the horizontal traces of the 
parallel planes required, whence the vertical traces can be 
obtained. 

2ndly. If the given lines AB and CD be neither 
parallel nor in the same plane. 

Through any point A in AB draw a straight line AQ 
parallel to CD. 

Determine the horizontal traces of the lines AB and 
AQ'y the straight line drawn through these points is the 
horizontal trace of one of the required planes. 

Determine the horizontal trace of CD*, through this 
point a parallel line to the trace just found is the horizon- 
tal trace of the second plane required : and the vertical 
traces of the two planes can be obtained. 

3rdly. If the given lines be not parallel but in the 
same plane, the problem is impossible. 

Problem XXIIL 

To determine a straight line at right angles to each of two 
given straight lines AB and CD. 

ist If the given lines be parallel. 

Any straight line drawn in the plane of the parallels per- 
pendicular to one of the lines is also perpendicular to the 
other. 
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2ndly. When the given lines are neither parallel dot 
in the samq place. 

From any point P in AB draw a line PQ parallel to 
CD : then the plane of AB and PQ is parallel to CD, 

From any point C in CD draw CS perpendicular to 
the plane of APQ, meeting it in iS. A parallel to PQ or 
CD through point S meets AB in H, Then HT, parallel 
to CS from H, meets CD in point JT and is the required 
perpendicular to the given lines. 

Problem XXIV. 

To determine the angle of inclination of a given straight 
line ab, aV to a given plane qlm'. Fig. 24. 

In this problem it is convenient to determine the com- 
plement of the angle required. 

This complementary angle is the angle between the 
given straight line and a line meeting it in point A and per- 
pendicular to the given plane. 

Determine this perpendicular a.^, a'h\ by Problem XIII., 
and find its horizontal trace ha'; likewise bb' that of the 
given line ; the line hb through these points is the horizon- 
tal trace of the plane of the lines. * Construct ' their plane 
about Mf bringing A into the horizontal plane. Ahy Ab, 
when drawn, give bAh the complementary angle or 90 - 0, 
and 6 is the angle sought 

Conversely : 

To determine a straight line through a given point aa', to 
make a given angle 6 with a given plane qlm'. 

Through aa' draw ah, ciK at right angles to the given 
plane, and determine its horizontal trace hh. Through 
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point h draw in any direction the line hb as the horizontal 
trace of the plane of the perpendicular and the required 
line» Fold this plane about hb into the horizontal one and 
through point A thus ' constructed' let Ab making an angle 
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90 - fi with Ah meet the trace hb in point b. Then V being 
found in xy and joined to a\ the required line ah^ a'b is 
determined 

Observe. An infinite number of such lines ab, a'b' can be 
determined to satisfy the given conditions ; and their 'locus' 
is the right-conical surface having its circular base in the 
given plane and its generatrix inclined 6 degrees to the 
same. 



Problem XXV. 

To determine two planes which shall be perpendicular to 
each other and inclined at angles ofO and ^ degrees respectively 
to the horizontal plane. 

It will be obvious that the angle of inclination of the 
second plane cannot be less than the complement of that of 
the first ; or ^ not less than 90 - A 

Therefore 

if ^ is greater than 90 - S, there are two solutions : 
...^ is equal to 90 — 0, there is one solution; 
...^ is less than 90 — 0, there is no solution. 
This will appear by what follows. 

Draw the plane qlni inclined fl degrees; also the straight 
Ymtpntyp'tn' at right angles to it (Problem 13), and find the 
horizontal trace//' oi PM. 

Then every plane which contains that line is at right 
angles to the plane B (EucL xi. 18). Wherefore if such a 
plane .revolve about PM^ as an axis, until it makes an angle 
^ with the horizontal plane, it is the plane required. 
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Let it therefore be made to touch a right cone, vertex 
in any point mn^ in PM and generatrix wl^ making an 
^ngle of ^ degrees with its base gko^ The horizontal trace 
of this plane must touch gko ; (Theorem VII.). 



E. G. 
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And since the plane is to contain PM^ the horizontal 
trace rp of the plane must pass through/, (Theorem VI.). 

Through the point mni draw the horizontal line mn^ 
m*n' parallel to the trace rp, and determine its vertical 
trace nn. 

Through n' and s draw the vertical trace of the plane. 

Observe that the plane rsn' by containing PM is per- 
pendicular to plane 6\ and, by touching the cone de- 
scribed, has the required inclination ^ ; it thus satisfies the 
conditions of the problem. 

Note also that the inclination of PM is 90 — ^ ; since if 
a straight line and an inclined plane be perpendicular to 
each other their inclinations are complementary. 

Cor. To determine three planes each perpendicular to the 
other two. 

For the first and second, determine planes qhr! and rsn 
as in the above problem. 

Find their intersection mq, m'q' by Problem 12. 

The plane which is perpendicular to MQ is perpendi- 
cular to the planes which meet in this line (Eucl. xi. 19). 
Therefore such plane, determined by Problem 13, is tlie 
3rd plane required. 



Problem XXVI. 

To determine a plane inclined at an angle of 6 degrees and 
making a given angle a with a given inclined plane. 

Let qlm' be the given inclined plane. 

To fulfil both conditions, the required plane must touch 
two right cones having a common vertex in any point vv 
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Fig. 26. 
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with circular bases op and Vs* in the horizontal and inclined 
planes respectively* ; the generatrix oi the former making an 

* ^' is the point of intersection of the lines vr and /;;/, and is not 
lettered in the fig. : also the plan of the circular base b's is not shov^ u 
in the fig. 

S-2 
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angle 6 with its base, and that of the latter an angle of 
a degrees with the inclined plane. 

The horizontal trace pt of the common tangent plane to 
the cones is (Theorem VII.) a tangent to the horizontal 
traces of the tWo conic surfaces, i.e. the trace// touches the 
circle op and the ellipse rtu. Since four such lines can be 
drawn, as appears by the figure, it is obvious that in the case 
here indicated four planes can be determined which satisfy 
the given conditions of the problem. 

Should the circle op fall within the ellipse, without 
touching it, the given conditions are impossible. 

Problem XXVII. 

Given three lines ag, ak, ar meeting in a point sl; as the 
plans of the straight lifies AG, AK, AR, each of which is at 
right angles to the plane of the other tivo ; to determine an 
elevation of the lines. 

Since the plane of lines AK, AR is perpendicular to 
the line AG (Eucl. xi. 4), the horizontal trace, cd, of the 
plane of AK, AR is perpendicular to agy the plan of AG; 
(Theorem V.). 

Therefore draw cd at right angles to ga produced, and 
meeting ah^ ar in points c and d. 

€e drawn through c at right angles to ar^ and de drawn 
through d at right angles to ak, will meet c^me and be the 
horizontal traces of the other two planes ; (Theorem V.). 

Take the projecting plane of the plan of AG for a, plane 
of elevation, arid let it revolve about the line ^^ as an xy. 

This plane cuts the plane of -^^and AR in AR or a'p, 
which is therefore perpendicular to AG or a'g' in the plane 
of elevation ; (EucL xi. def. 3). 
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Fig. 27. 
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Therefore on ep describe the semicircle edp^ through a 
draw ad perpendicular to x}\ and ed^ dp are the required 
elevations of the three lines ; (Theorem III. 2). 



Problem XXVIII. 

Given two points B and C at unequal distances from a given 
plane, to determine a point Q in tJie plane at which the straight 
lines QB and QC shall make equal angles with the plane. 
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From either of the points, as B^ draw the straight line 
BR at right angles to the given plane (Problem 13), meeting 
it in Sy determined by Problem 14. 

Make SR = SB, point R being on the opposite side of 
the plane to -5; join R, C, cutting the given plane in point 
Q ' QJ^y ^Care the required lines. 



Exercises on Chapter III. 

1. Determine the projections of four points, each 2 
inches from the planes of projection, viz. one in each 
dihedral angle. 

2. Determine four points each in a plane of projection 
and 3 inches from xy \ tlo two of them to be on the same 
side of that line. 

Supposing the loci of these points (Theorem I.) to be 
2 inches apart, determine the distance between any two 
points. 

3. A point is 2*5 inches from the planes of projection, 
draw two lines through it inclined 50® ; their plans making 
angles of 35° with xy. Problem i, converse (2). 

Determine the traces of the lines : also the angle which 
the lines make with each other. Problem 10. 

4. Through a point 2 inches from each plane of pro- 
jection draw lines inclined 30®, making angles of 40° with 
the vertical plane. Problem 3 and Theorem IV. 
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5. A straight line in the horizontal plane makes an 
angle of 45® with xy and is a trace of planes which are 
inclined 50°; find their vertical traces. Problem 3, "tan- 
gent planes to cones," Chap. viii. 

6. A regular hexagon, side 2 inches, has its diameter 
and adjacent side inclined 30* and 45° respectively : draw 
its plan and determine the inclination of its plane. Pro- 
blem 20. 

7. Draw two parallel planes 2 inches apart and inclined 
6o^ Problems i and 13, and Problem 25, note, 

8. A plane is inclined 40®, and is at right angles to 
another which is inclined 70®: draw the traces of the planes. 
Problem 25. 

9. The horizontal traces of two planes, inclined 45® 
and 30® respectively, make an angle of 60°: determine a 
third plane at right angles to the given ones. Problems 12 
and 13. 

10. Two planes are inclined 60° and 70® respectively 
and make an angle of 50° with each other : determine 
their vertical traces on a plane not perpendicular to them. 
Problem 26. 

11. A regular pentagon, side 2*5 inches, has three of 
its angular points respectively i, 2, and 3 inches high. 
Draw its plan. Problem 21, 

12. A square, side 3 inches, lies in a plane inclined 
45®, one side of the figure makes an angle of 40" with 
the horizontal trace of its plane. Draw its plan. Pro- 
blem 18. 
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13. A plane is inclined 80® and makes an angle of 
60° with a plane which is inclined 50°. Draw the traces of 
the planes. Problem 26. 

14. The two traces of a plane make an angle of 50" 
with each other and make equal angles with xy\ determine 
these latter angles and the inclination of the plane. 

ft 

15. Three straight lines are perpendicular to one 
another and two of them are inclined 25° and 40^: deter- 
mine the inclination of the third line. Problems 20 and 13. 

16. The horizontal and vertical traces of a plane 
make angles of 30° and 55° respectively with xy, a straight 
line parallel to xy is 2 inches from the vertical and 3 inches 
from the horizontal plane : find the intersection of the given 
line and plane. Problem 14. 

17. Two planes contain a right angle j one of them 
is inclined 60® and their intersection is inclined 50°. Draw* 
the traces of the planes and find the inclination of the 
second. Problems 8 and 13. 

18. The hypothenuse of a right-angled triangle is 4 
inches long, and horizontal; the plans of the sides make 
an angle of 115® with each other: determine the lengths 
and inclinations of the sides. Can more than one set of 
answers be given? Eucl. iii. 33, and Problem 20. 

19. A straight line inclined 40" lies iil a plane in- 
clined 60°; determine a plane containing the given line 
and perpendicular to the given plane. Problems 8 and 13. 

20. Through a point 3 inches high draw three planes, 
inclinations 35®, 45°, and 60° respectively; forming a tri- 
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hedral angle at the given point. Show the real mag- 
nitude of the angle of each face of the solid angle. Pro- 
blems 12 and 10. 

21. The plans of two lines contain an angle of no". 
The lines themselves are at right angles, and one is in- 
clined 27°. Find the inclination of the other. Science 
JSxam, Hon. 1872. 

(i) Draw plans of the lines and make an elevation of 
one, assumed as that inclined 27°, on a vertical plane 
taken parallel to it 

(2 ) Determine a plane perpendicular to this line and con- 
taining the other. The point in which the horizontal trace of 
this plane meets the plan of the second line is the horizontal 
trace of the line whose angle of inclination is required. 

(3) Determine this angle by Chap. in. Prob. i. 

22. Two lines are inclined at 30° and 40*^. They are 
2 inches apart where they are nearest together, and this 
line of 2 inches is inclined 28°. Show plan and elevation. 
Science Exam, Hon, 1873. 

(i) Determine a line inclined 28^*, and mark off a 
segment of this line 2 inches in length. Chap. 11 1. Prob. i. 

(2) Draw two parallel planes at right angles to line of 
28^ passing through the extremities of the segment of 2 
inches. 

(3) From the point where line of 28® meets one plane 
draw a line lying in that plane and inclined at 40°, and 
from the point where the former line meets the parallel 
plane draw another line lying in that plane and inclined 
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The two lines so drawn are those required. 

Note, Four pairs of lines fulfilling the conditions are 
possible. 

23. Given a plane by its traces, and two lines, not 
passing through the same point, by their projections. The 
lines to be neither in the given plane nor parallel to it 
Find the projections of a line which shall meet the two 
given lines, be parallel to the given plane, and at a given 
distance from it. 

Determine a plane parallel to the given plane at a 
distance from it equal to the given distance of the parallel 
line from the same plane. See Chapter iii. Problem 13, 
Cor. 2. 

Find the points of intersection of the two given lines 
with this plane. See Chapter in. Prob. 14. The line 
joining the two points thus found is the line required. 

24. Two horizontal lines ABy AC, contain an angle 
of 56°, a plane inclined at 30° contains AB, another in- 
clined at 65® contains AC. Draw two lines passing through 
A, each inclined at 20® and Ipng one in each plane. Deter- 
mine the angle between these two lines. Science Exam, 
Hon, 1872. Chapter iii. Problems 4, 8 and 10. 

25. A line TV 3*3 inches long has its extremities T 
and V in the horizontal and vertical planes respectively, it 
is inclined to the horizgntal plane at 40^ and has its trace 
T' at 75 inch from the ground line. Draw its plan and 
elevation. Science Eocam, 1868. 

26. An indefinite line is inclined to the horizontal 
plane at 40** and makes an angle of 30® with the vertical 
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plane of projection, the distance between its traces being 
3*5 inches. Science Exam, Hon, 1869. 

27. AB is a line parallel to the horizontal plane, AC 
is a line parallel to the vertical plane. The angles hac be- 
tween the plans and b'dd between the elevations are 120°. 
Find the real angle between the lines. Science Exam, 1871. 

28. Determine a line inclined at 33° lying in a plane 
inclined at 50**. This is the orthographic projection on 
that plane of a line which makes an angle of 40° with it. 
Determine the projections of this latter line on the co- 
ordinate planes and its inclination. Science Exam, Hon, 
1871. 



IV. 



SOLIDS WITH THE INCLINATIONS OF THE 
PLANE OF ONE FACE AND OF ONE EDGE 
IN THAT FACE GIVEN. 

Before commencing this chapter the student should 
refer to Chapter iii. Problems i8 and 19. 

I. Plan and elevation of a pyramid, 4 inches high, with 
square base of 2*5 inches side, when its base is inclined 50", 
and no side horizontal. 

(i) Determine by its traces a plane 50° at right angles 
to the vertical plane ; i. e. draw its horizontal trace at right 
angles to, and its vertical trace at 50* with, the ground line. 

(2) '* Construct," that is, fold this plane on its horizon- 
tal trace into the horizontal plane, and draw the square as 
then in the horizontal plane; i.e. simply draw the square, 
taking care that no side is parallel to xy, 

(3) Lift the plane back to the required position and 
determine required plan and elevation of the square base. 
Remember that this plane being at right angles to the verti- 
cal plane will have all points in it shown in this elevation in 
the vertical trace (Theorem HI. 2). The square base will 
therefore have its elevation wholly in the vertical trace. 
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To draw this elevation, take .the distances from the 
corners of the square to the horizontal trace when the plane 
is folded down, and set them along the vertical trace from 
its junction with xy. This will give these points in dei^a- 
Hon, Their plans will lie in the perpendiculars to xy from 
their elei^ations (Theorem I.) and also in the perpendiculars 
to the horizontal trace from the points as "constructed" 
(Theorem X.). Thus let the point of which d is the eleva- 
tion when folded down or * constructed ' be marked A, A 
perpendicular from a! to xy contains the plan a, as also 
does the perpendicular from A to the horizontal trace. 
The plan a therefore lies in the intersection of these per- 
pendiculars \ in other words, these perpendiculars are loci 
of the point ^ , and their intersection gives the point itself. 

(4) The axis will be drawn from the centre of the base 
in plan and elevation at right angles to the traces, and 
being parallel to the vertical plane will be set in true length 
in elevation. It only remains to join the proper points and 
the projections of the solid are completed. 

2. Plan and elevation of a cube 0/2*5 inches edge, 7vJicn 
one face is inclined 60®, and no side horizontal, 

3. Flan and elevation of a pyramid, 4 inches high, with 
regular hexagonal base of 2'$ inches side inclined 70°, no side 
horizontal, and its lowest corner i inch above the ground, 

4^ Plan and elevation of the pyramid in the last problem 
when the base is inclined 70^ and one side of the base 30°. 

In this problem there is given not only the inclina- 
tion of the. .plane of the base, but also of one edge in that 
base. 
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Limits. The problem is therefore to draw a line of 
given inclination in a plane of given inclination, and this is 
always possible if the inclination of the line is not greater than 
that of the plane. 

(i) Determine by its traces the required plane in- 
clined 70^ and at right angles to the vertical plane. Assume 
any point A in the plane; its elevation d is by the position 
of the plane in the vertical trace ; its plan a on a perpendi- 
cular to xy from a\ and for convenience it, i. e. the plan a^ 
may be assumed at the point where this perpendicular 
meets xy\ and from a! draw c^m to meet the ground line 
at the given angle 30^ Rotate the triangle thus formed 
on the vertical line c^a^ the projector of the point A^ until 
the point m meets the horizontal trace. As A and m are 
now both in the given plane, the line joining a and m 
will be the plan of Am and will fulfil the conditions by 
being the plan of a line wholly in plane 70** and itself 
inclined 30^ 

(2) 'Construct' plane 70° on its horizontal trace into 
the horizontal plane. On the line Am, thus brought into 
the horizontal plane, describe the required hexagon, and 
complete plan and elevation of the whole as in former 
problems. 

5. Plan and elevation of a cube of 2'^ inches edge when 
the plane of one face is inclined 65® and one diagonal of tliat 

face 25^ 

6. Flan and elevation of a tetrahedron of 3 inches edge 
with one face 70^ and one edge in that face 40°. Determine 
also the inclinations of the other edges of the solid, 

7. Plan and elevation of hexagonal right prism when the 
plane of one of its faces ABCD is inclined 50® and the edge 

AB of the base inclined 35^ 
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(i) Detennine the plan of rectangular face A BCD as 
in preceding problems. 

(2) It will next be necessary to determine the plane of 
the base, which, by the definition of the solid, is perpendi- 
cular to the plane of the face. The line AB already deter- 
mined is in the base, being common to both planes, and its 
horizontal trace will therefore be a point in the horizontal 
trace of the required plane of base. And as the projections 
of a perpendicular to a plane are peq)endicular to its traces, 
the horizontal trace of the plane of the base may be at 
once drawn through this point at right angles to the long 
edges of the prism, that is, in this case to be or ad, 

(3) Take a ground line at right angles to the horizon- 
tal trace of plane of base, and set up the height o( A or B 
(both known points) in the new elevation. By the position 
of the new plane of elevation, the vertical trace will contain 
the elevations of both A and B, and therefore can at once 
be drawn. 

Fold the plane of the base about its horizontal trace to 
bring AB down into the horizontal plane. On the AB 
thus constructed describe hexagon and complete as in for- 
mer problems. 

8. T/ie plane containing one edge of a tetrahedron and 
bisecting another is inclined at ^0% and the former edge is 
inclined at 30®. Draw plan and elevation of the solid, the 
edge being ^ inches. Science Exam. Hon. 1870. 

(i) Determine plane 50° containing line inclined 30", 
and " construct " it 

(2) Measure off on "constructed" line 3 inches, and 
on this as a base draw an isosceles triangle having its equal 



V 
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sides equal to the altitude of an equilateral triangle of 3 
inches side. The figure thus drawn is the true form of the 
section of the tetrahedron made by the given plane. 

(3) Reconstruct plane, and from vertex of triangle 
draw a perpendicular to the plane and produce it on 
both sides to equal distances of 1-5 in. On joining the 
extremities of this perpendicular with the extremities of the 
line of 3 inches measured off on line of 30°, we obtain the 
projections of tetrahedron required. 



V. 



SOLIDS WITH THE INCLINATIONS OF TWO 
ADJACENT EDGES GIVEN. 

Limits. It must be remembered that tlie sum of these 
inclinations with the angle contained by the two edges must not 
exceed i8o". 

For these problems refer to Chapter iii., Problem 20. 

I. Plan and elevation of a cube when the inclinations of 
tivo adjacent edges as BA, BC, 20" and 48® are given, 

(i) Draw the square ABCD to represent the face 
*^ constructed^ into the horizontal plane. Then to find a 
horizontal in the plane of this face. At any point E in 
BA^ or BA produced, make the angle BEF 20^ Then 
' if a perpendicular be drawn from B to EF^ it will be the 
• length of the line expressing the height to which B^ when 
in required position, will be raised above horizontal plane 
containing point E, From ^ as a centre with this perpendi- 
cular for radius, describe a circle. The tangent to this 
circle to make an angle of 48® (i.e. the inclination of the 
other edge) with BC i^dll give a point ZT where it meets 
^C in the Jiorizontal required. E being another point in it, 
the straight line through H and E will be the horizontal 
sought in plane of face ABCD. 

E. G. 6 
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(2) Assume a plane of elevation at right angles to this 
inclined plane of face ABCD. The height to which point 
B is to be raised being known, a line of level that distance 
above the xy taken will contain the elevation of B, The 
rest of the work is similar to that in preceding problems. 

Note. To understand the principles of this construction, 
the student had better cut a card-board model, by which to 
illustrate the folding up and down of the plane of the 
angles and of the lines. 

2. Plan and elevation of a tetrahedron when two of the 
adjacent edges in one face are inclined i'^^ and 62°. 

3. Plan and elevation of hexagonal right prism when the 
two edges AB, AC in one face are inclined respectively 25" 
and 40°. 

Determine the plan of the rectangular face ABCD as in 
Problem i, and refer to explanations of Problem 7, Chapter 
IV., to find the plane of base and to complete the projections 
of the solid. 



VI. 



SOLIDS WITH THE INCLINATIONS OF TWO 
ADJACENT FACES GIVEN. 

For these problems refer to Chapter in. Problem 25. 

Limits. Case i. If the given planes are at right 
angles to each other, their inclination being ^ and ^^ 
^ must be not less than 90®- ^. 

Case 2. If the given planes are not at right angles 
to each other, refer to Chapter in. Problem 26. 

I. Plan and elevation of a cube of 3 inches edge, when 
the inclinations^ 45® and 60°, of the planes of two adjacent 
faces are given* 

(i) Determine the traces of plane 45° assumed at right 
angles to the vertical plane. 

(a) Determine the projections of a perpendicular to 
plane 45^ in order to determine plane 60°, since every 
plane containing this perpendicular is at right angles to 
the former plane. 

(3) Determine horizontal trace of. plane 6o^ To do 
this, make the point at which the perpendicular pierces 
plane 45° the vertex of a right cone, generatrix 60®, base 
in horizontal plane. Then because every plane touching 

6—3 
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this cone is inclined 60®, a tangent to the circular base 
of the gone will be the horizontal trace of such a plane, 
and if it be drawn as well through the horizontal trace 
of the perpendicular to plane 45°, it will be the horizontal 
trace required, i.e. of a plane perpendicular to plane 45* 
and inclined itself 6o^ 

(4) Determine the ^/an of the intersection of the two 
planes. One point in this plan will be at the intersection 
of the horizontal traces of the two planes, and a second 
point will be the plan of the vertex of the cone. The 
line drawn through these two points will be the plan of 
the intersection required. 'Construct' this line into the 
horizontal plane, draw the square face of the cube on it 
so * constructed,' and determine plan of the face therefrom. 
Complete plan and elevation of the cube as in former 
problems. 

2. A prism 3 incJies long has an equilateral triangle of 
2*3 inches side for its base; draw its plan a?id an elevation of it 
when the planes of its base and one face are equally inclined at 
60° to the horizontal plane. Science Exam. Hon. 1869. 

3. Plan and elevation of a prism with base a regular 
liexagon. Plane of one face inclined 48*^. Base 68°. 

(i) Determine the plan of the rectangular face of 
prism as for the face of the cube first determined in the 
last problem. 

(2) On a vertical plane at right angles to plane d^^^ 
i.e. with its ground line taken at right angles to the 
horizontal trace of plane 68®, determine the vertical trace 
of plane 68°, and 'construct' this plane into the hori- 
zontal plane. On AB^ the edge common to plane of 
face and plane of base so ^CDnstructed,' describe the 
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regular hexagon. Determine plan therefrom and complete 
problem as in former cases. 

4. Flan and elevation of a tetrahedron. Planes of adja- 
cent faces $ and <^. 

For example, let tf = 40" and <^ = 70°. 

(i) Determine the angle a between the two adjacent 
faces of the solid. 

(2) Draw the traces of plane tf, taking the plane at 
right angles to the vertical plane of elevation. 

(3) Determine a second plane inclined ^ and making 
an angle of a with plane By Chapter in. Problem 26. The 
intersection of these two planes B and ^ is the indefinite 
edge of the solid. * Construct * plane or ^, and on the 
intersection so ' constructed ' mark off the length of the 
given edge of the tetrahedron, describe the face upon it, 
and proceed as in former problems. 

5. Plan and elevation of a tetrahedron with one face 
vertical and an adjacent face inclined 50^ 

Determine the angle between adjacent faces. 

Determine a plane inclined 50*^ to the horizontal plane 
and Q to the vertical plane by Chapter in. Problem 7. 

On the vertical trace place c^V the real length of an edge 
of the tetrahedron, and on it describe the equilateral triangle 
OLb'd^ Find the centre v. a'b'c'v' is the required eleva- 
tion. 

In plan the vertical face a'b'd will be a straight line abc 
parallel to xy, and the plan b of the vertex will be a point 
in the projector drawn from ^' perpendicular to xy at a 
distance in front of abc equal in length to the axis of the 
tetrahedron. Lines joining b with the points abc of the 
vertical face complete the plan of the solid. 



VII. 



SECTIONS BY OBLIQUE PLANES. 

I. To find the section of a prism standing on one of 
its bases when cut by an oblique plane ^ven by its traces. 

Draw the plan and elevation of prism and the plane of 
section. 

Assume auxiliary vertical planes with their horizontal 
traces parallel to the horizontal trace of the given cutting 
plane, and containing the edges of the prism. The points 
in which these edges are cut by the plane of section 
will be in the intersection of this plane with the assumed 
vertical planes. The heights at which they are cut will be 
shown by the heights at which the vertical traces of 
the sectional plane and assumed planes cross. These 
heights can readily be transferred to the proper edges 
in elevation, and the section required completed by joining 
adjacent edges. 

Another method. 

Determine the intersection of the planes of the faces 
with the plane of section. The elevations of these intersec- 
tions will cut the elevations of the edges of the prism in the 
required points of section. 
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mark on them from the vertical trace the actual distances 
of the points P^ &c. from that trace, i.e. the hypothenuses 
of the right-angled triangles of which perpendiculars from 
/', &c. on vertical trace, and from /, &c. on xy^ are the 
sides. Join the consecutive points for the section. 

For the rest of the frustum, i.e. for the points A, By &c. 
of the base, 

(i) Determine perpendiculars from the points of the 
base A, B, C, &c. to the plane of section. 

(2) Find intersection of these perpendiculars with that 
plane, as oo\ the point where the perpendicular through A 
intersects the plane. 

(3) Then proceed with these points of intersection as 
with the points of the section of the solid. 

To save work, when one point as 0" in the required 
projection of the base is found, join o'\ p'% and draw 
parallels to this line through the other points q'\ /', &c. 
Perpendiculars to vertical trace through the elevations h\ c\ 
&c. will intersect these parallels in the points li\ c'\ &c. 
required, which may be joined consecutively to complete 
the projection sought. 

2. Take a cylinder resting on its base and cut it by an 
oblique plan. Determine the true form of the section and the 
development of the frustum of the solid. 

Divide the circumference into any number of parts, and 
work as if the points so obtained were the plans of the edges 
of a prism. The section will be an ellipse. 
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Converse of this Problem. 

Given ab the niajor axis of the ellipse forming the section 
of a right cylinder by the horizontal plane when the axis of the 
solid is inclined 6 degrees; to determine bc^e and plan of 
frustum of solid. 

To determine the minor axis of the ellipse, which it 
may be observed is equal to the diameter of the required 
base. 

The vertical plane through ab contains the axis of the 
cylinder, and is at right angles to its base. Revolve this 
plane into the horizontal. Bisect ab in <?, and draw op* 
making the angle bop' equal degrees. Through /' draw 
Vp'm* at right angles to op\ and meeting parallels to that 
line through a and ^ in /' and m*. Then Vni gives the 
length of the required minor axis cd. Draw the curve. 

Through p* a perpendicular to ab produced meets that 
line in / which is the centre of the plan of the base of the 
cylinder, which plan is likewise an ellipse having its major 
axis nq equal and parallel to the minor of the former ; its 
own minor Im being determined by perpendicular on ab 
drawn from / and nd. Tangents to these two curves com- 
plete the plan of the frustum of the cylinder. 

3. Given an ellipse as the horizontal trace of a cylinder. 
Find its plan, and an elevation on a vertical plane making an 
angle of^o^ with plan of axis. 

(i) Describe a semicircle on the major axis ab and 
from one extremity as a set off the length of the minor axis 
cd as a chord of the semicircle to m. The line drawn from o, 
the centre of ab, at right angles to am, is an auxiliary eleva- 
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tion of the axis of the required cylinder on a vertical plane 
passing through db^ 

Parallels to the elevation of this axis from a and h com- 
plete the auxiliary elevation of the indefinite cylinder. 
Parallels from c and d to ah produced complete the plan of 
the indefinite cylinder. 

(2) Draw xy making an angle of 30° with plan of axis 
and on the vertical plane passing through xy make a new 
elevation. To do this, assume any point P in the auxiliary 
elevation of the axis and find its plan/. From plan / draw 
a projecting line at right angles to xy^ and measure off on 
this line above xy the height of P^ — the point thus found 
will be the elevation,/'. A line from/' to the point 0' where 
the perpendicular from meets xy^ will be the elevation of 
the axis on the new vertical plane. 

The elevation may be completed by drawing parallel 
lines on both sides of the axis at distances equal to the 
semi-minor axis of the ellipse. 

4. To determine the section of a pyramid when standing 
on its base and cut by an oblique plane given by its traces. 

Refer to Chapter iii. Problems 12 and 14, for construc- 
tions which the student should comprehend before working 
this problem. 

Take, e.g., a pyramid with base a regular hexagon. Draw 
plan and elevation and cutting plane. Assume auxiliary 
vertical planes containing the slant edges of the pyramid. 
As these planes contain, and the given plane of section cuts 
the slant edges, the required points of section in these 
edges must be in the intersections of the oblique plane with 
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the auxiliary vertical planes. Determine these intersections. 
The points at which the .elevations of the intersections cross 
the elevations of the slant edges of pyramid will be the 
elevations of the points of section required. From them 
determine their plans and join adjacent edges. 

The work may be shortened by finding the point in 
which the axis is cut by the given plane of section. As this 
point is common to all the intersections of planes to be 
found, it may be used, when once found, for all planes as 
a point in the elevation of their intersections. A second 
point in the required elevation may be readily determined 
by working from the junction of either the horizontal traces 
or vertical traces of the planes under consideration ac- 
cording to convenience. 

To determine the true shape of the section^ * Construct ' 
the plane of section. 

To draw a projection of the solid on its plane of section, 

(i) The projection of the section of the pyramid may 
be found similarly to the section of the prism in Problem i. 

(2) The projection of the vertex on the plane of section 
as the projection of any one point of the base of the prism 
on the plane of section in the same problem. 

(3) Then lines through this vertex v" and the points of 
section just determined, will be the indefinite projections of 
the slant edges of the pyramid. The points of the base 
may be fixed by perpendiculars from their elevations to the 
vertical trace to intersect these indefinite projections of the 
edges, and when found may be joined consecutively to 
complete the required projection of the frustum. 
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The development of the solid may be found by describing 
a circle with radius equal to a slant edge of the pyramid, 
setting along the circumference the edges of the base as 
chords, and joining these points to the centre of the circle. 
The points of section may be marked by dividing the edges 
in the same proportion in which they are divided by the 
plane of section as indicated either in the plan or elevation. 

5. Take a pyramid standing on its base with any number 
of unequal sides in its base, and cut it as in the last problem 
by an oblique plane. Determine the true shape of section, and 
development of solid. 

6; Determine the section of a cone by a given oblique plane , 
and the true shape of the section. 

Divide the circle which is the plan of the base into any 
number of parts and join each point in the division to the 
vertex. Consider these lines as the plans of the edges of 
a pyramid and work accordingly. The section will be an 
ellipse. 

Converse of this Problem. 

Given ab the major axis of the ellipse which forms the 
oblique section of a right cone by the horizontal plane, given 
also W the vertex ; to draw the plan of the frustum. Fig. 28. 

Since the plan v in ab produced is given, it will be 
obvious that when the ellipse is obtained, the required plan 
will be completed by drawing tangents to the ellipse through 
point V. Hence the problem consists chiefly in finding cd, 
the minor axis of the curve. This line is the horizontal 
trace of a circular section of the cone made through point o\ 
the bisection of ab, and forms a chord of that circle. 



SECTIONS BY OBLIQUE PLAXES, 



93 



This circle being perpendicular to the axis VP of the 
cone, is necessarily inclined to the horizontal plane at an 
angle which is the complement of the angle of inclination 
of that axis. This circle must therefore be constructed and 
its chord exhibited. 

Take a vertical plane through V and ah\ on it draw 
v'a, vhy the traces of the convex surface; and through o' 
draw kl making equal angles with these lines; this is the 
vertical trace and elevation of this circular base. 

* Construct' this circle therefore into this vertical plane, 
as shown in Fig. 28, about kl' its vertical trace and dia- 
meter. Draw through d the chord CD at right angles to 
k'l\ CD gives the length cd of the required minor axis. 



Fig. «8. 




VIII. 



TANGENT-PLANES TO CONES. 



Problem I. 

To determine a tangent-plane to a cone at a given point A 
on its convex surface* 

Let Fbe the vertex of the cone. Join points A and V\ 
the indefinite straight line A Vis the generatrix of the conic 
surface. Determine the 'trace' of the line A V and that 
of the conic surface, the former will be a point in the latter. 
At this point determine a tangent to the trace of the conic 
surface; the plane of this tangent and AV is the tangent- 
plane required. See Theorem VIII. 



Problem II. 

To determine a tangent-plane to a cone, which shall also 
pass through a point P which is external to the conic surface. 

If V be the vertex of the cone: join points V and F 
and obtain the horizontal trace of the indefinite line VF; 
through this point ZTdraw a tangent to the horizontal trace 
of the conic surface; the plane of VH and this tangent is 
the tangent-plane required. 
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Problem III. 

To determine the traces of a plane inclined 6 degrees, the 

horizontal trace of the plane making an angle of m degrees 

with xy. See Fig. 29. 

Fig. 29. 




Assume a point aa* in the vertical plane; make this 
point the vertex of a right cone generatrix inclined 6 de- 
grees. Let cefb^ the circular base of the cone. Draw ct a 
tangent to cef at c, meeting xy at /, and making the angle 
xtc an angle of m degrees; join a't, then eta' is the required 
plane; being a tangent-plane to the cone, which it touches 
in the line A C, 
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Problem IV. 

Given plan and elevation of a right conical sutfacey axis 
oblique^ and vertical angle P degrees. Required a tangent-plane 
to the surf cue inclined degrees. 

Draw elevation of cone on a vertical plane parallel to 
the axis. 

Determine the horizontal trace of cone and draw tan- 
gents to it from v, the plan of the vertex, to complete plan 
of cone. See Ch. vji. fig. 28. 

Determine the circular horizontal trace of a second cone 
having the same vertex tw' and generatrix inclined 6 degrees. 

The tangent to the horizontal traces of the two cones 
is the horizontal trace of the tangent-plane sought. 

Limits. If VS be the generatrix of minimum inclina- 
tion of the given cone and VS be inclined a degrees, then 
lies between a and 90 degrees. 



TANGENT-PLANES TO SPHERK 

Problem I. 

To determine a tangent-platte to a given sphere centre cc', 
at a given poitit qq' on its surface,. 

If the sphere rests on the horizontal plane in point Q, 
then that plane is the tangent-plane required. 

If Q be the highest point on the sphere, the tangent- 
plane is likewise horizontal. 
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If Q be situated on the horizontal great circle of the 
sphere the tangent plane will be a vertical one. 

Such plane may make any angle from zero to 90" with 
the vertical plane of projection; according to the position 
of point Q on the great circle. 

For any other position of the point Q the tangent plane 
will be an oblique one, making of course an angle of 90° 
with QC its normal, and therefore inclined at an angle 
which is the complement of that of the inclination of the 
line QC, It may therefore be drawn at right angles io QC 
by the converse of Problem 13, Chap. iii. 

Problem II. 

To determine a tangent-plane to a given sphere centre^ cc', 
which shall pass through a given point qq' which lies without 
the spJierical surf cue. 

If tt' or T be the point in which the required plane 
touches the sphere ; then the radius CT is the normal of 
the plane and is perpendicular to the straight line QT'vn 
it; and QTC is a right-angled triangle, having the angle 
QTC a right angle. 

Assume any plane passing through the points Q and C, 
This plane cuts the sphere in a great circle, a tangent to 
which through Q determines the point of contact of the 
tangent plane. 

If the triangle QTC revolve about the line QC^ it will 
be observed that the * locus ' of the point 7" is a small circle 
of the sphere. The solutions of the problem are therefore 
as numerous as the points on this circumference, which is 
the base of a cone with vertex in Q enveloping the sphere, 
E. G. 7 
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Note. That if the line QC be a horizontal one, the 
plan of this circle is a chord of that which forms the plan of 
the sphere. 

Another method. 

Determine the cone enveloping the sphere with given 
point as vertex; see Ch. xi. Prob. lo. 

Any tangent to the horizontal trace of the cone will be 
the horizontal trace of a plane fulfilling the required condi- 
tions. 

Another method. 

Having drawn the circle of contact of enveloping cone, 
choose any point T in this circle and join it to the ver- 
tex V, This will give VT on the surface of the cone. A 
normal at point T is perpendicular to VT, and a tangent 
plane may be determined by drawing a plane to contain T 
at right angles to the normal CT, 

In this case the ellipse which is the horizontal trace of 
cone need not be drawn. 



Problem III. 

To determine a tangent-plane to a given sphere, centre C, 
which shall also pass through two given points P and Q, 
which are without the spherical surface. 

The problem is a possible one if the straight line which 
passes through F and Q does not cut the surface of the 
sphere. 

Determine, as in Problem 2, the * circle of contact' of 
a cone enveloping the sphere, and having its vertex in the 
point P. 
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Detennine the circle of contact of a cone enveloping 
the sphere, and having its vertex in the point Q. 

Let these circles intersect in points R and S. Then the 
planes of points i', Q^ R and P^ Q^ S are tangent-planes 
to the sphere. 

It will shorten the work if when neither F nor Q lies 
in the horizontal plane of C, a point ^in the line RQ and 
in that plane be determined and made the vertex of the 
second cone ; since the plan of the circle of contact will 
then be a straight line (see Note to last Problem) instead of 
a second ellipse. 

j4 second solution of Problem IIL 

Take a plane through the centre C of the sphere and at 
right angles to the straight line which passes through points 
P and Q. Let / be the intersection of this line and plane. 
Then straight lines through point / touching the great circle 
in which this plane cuts the sphere, give points R and S: 
and the planes of the three points P, Q, R and -P, Q, S 
are the tangent-planes. 



7-2 
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from, taking care that the plan of B is so placed that the 
Tertical plane containing the centres of A and B is parallel 
to the vertical plane of projection. Draw two elevations 
of C, one tangential to that of A and another to that of B. 
Take the horizontal distances between the elevations of the 
centres of A and C, and of B and C, and from the plans of 
the centres of A and By with these distances for radii re- 
spectively, describe arcs. The intersection of these arcs will 
determine the plan of the centre of C, the third sphere. 
Its elevation can then easily be obtained. 

(2) To draw the tangent-plane to A^ B and C De- 
termine plan and elevation of axes of cones enveloping 
A and B^ and A and C. Lines through the centres of 
the spheres give these axes. The horizontal traces of these 
axes will be two points in the horizontal trice of the tangent- 
plane required, since the tangent-plane to the cones must 
contain their vertices which are by their position in the 
horiiontal plane. The tangent-plane to the cones is the. 
tangent plane to the spheres they envelop. 



Problem VI. . 

To determine the tangent-planes to three spheres^ A, B and 
C, cf unequal sizes and of unequal heights, 

(i) Determine two cones enveloping A and B, and 
A and C respectively. Tangents to the projections of the 
spheres will determine the projections of the cones. The 
line passing through the vertices of the two cones will be 
in the required plane, and its horizontal trace in the hori- 
zontal trace of that plane, because the tangent-planes must 
touch the cones and so contain their vertices. 
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(2) Detennine the two circles of contact of the cones 
with sphere A, The plans of these are ellipses. The points 
in which the ellipses — see Note to Problem 2, 'tangent- 
planes to spheres,' by attention to which one of these 
ellipses becomes a straight line — ^thus determined intersect 
will be tangent-points in the required planes, and if these, 
points be joined to points taken in the line passing through 
the vertices of the cones, the horizontal traces of such lines 
will be in the horizontal traces of the required tangent- 
planes. Recollect that three points are enough to determine 
a plane. 

Problem VII. 

To determine a cone^ with axis vb, vV and vertex w' 
^ven^ which shall touch a given sphere^ centre cc'. 

(i) Determine the horizontal trace of the plane con- 
taining given axis of cone and centre of sphere, and make 
an elevation of this plane on a vertical plane assumed at 
right angles to it Observe that this plane cuts the given 
sphere in a great circle and given cone in a generatrix VAf^ 
which is a tangent to that circle in T ex tf the point of 
contact of the cone and sphere. 

(2) Turn this plane into the* horizontal plane about its 
trace, 'constructiug' at the same time points V and By 
and the circle in which the plane cuts the sphere. From 
Fdraw tangent VM to touch the circle turned down, at 
point Ty and determine therefrom /, the plan of the point 
in which the cone touches the sphere. 

(3) If V and JB be joined, we have the axis ' con- 
structed,* and a line from B at right angles to VB to meet 



TANGENT'PLAN£S TO SPHERE AND CONE. IO3 

VM^ the tangent to the circle at M^ completes the triangle 
VBMy which is the * constructed ' half section of the cone 
made by the plane containing axis and centre of sphere. 
The line BM is, therefore, the radius of the base of the 
cone, and may be measured from h at right angles to vb for 
the serai-major axis of the ellipse, which is the plan of the 
base, this axis being horizontal. 

(4) To determine the minor axis of the ellipse, make 
a third elevation of the axis of cone, using the plan of 
axis of cone for a ground line. In this elevation a sec- 
tion of the cone in true shape will be shown by drawing 
a line h's'^ equal to BM^ from h' at right angles to v'h\ and 
completing the triangle v'b's\ The side b's* is an elevation 
of the minor axis of the ellipse required. The plan bs can 
then be determined, and the plan of the cone completed. 

Obs. The two solids have a common tangent-plane at 
their point of contact Ty which touches the cone in the 
line TV. This plane may therefore be drawn at right 
angles to CT. 
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TAXGEXT-PLAXES TO CYUXDER. 



Problem L 

To ditirmbu a Uir^ad-^jau iff a g:T£JS criinder at aghai 
priJii qq' em Us sMffjux, 

Determine a generatrix of the CTlinda" at Ae given 
point Qy bj diawiag through q and q lines parallel to the 
respective projections of the ajcs of the solid. 

Detennine the trace <^ this generatrix and that of the 
CT^diical smface. The fonner is a point in the latter. 
The straight line through the fonner, tangimtial to the 
latteTy is the irax of the leqniied txngent^ilane. 

Ohs. \i\ K the ajcs of the siren liAt cviinder be 
verticaL its horizontal trace is a circle, and its tangent- 
plane n:aT make an asgle Tairing between zero and 90* 
vith an assumed Teitical plane. 

(2) If the axis be horizontal, the angle of inclination 
of the tangent-plane Taries between zeio and 90% according 
to die position of the point Q. 

(3) K the axis be oblique, die h<»izontal trace of die 
sm&ce is an eCij^e and the inclination of the tangent- 
plane Taiies, according to the posidon of pcnnt Q, between 
9c* and the angle of indinadon of the axis. 
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Problem II. 

To determine a tangeni-plane to a given cylindtr, passing 
through a given point qq' which is without the surface of the 
solid. 

Through the given point Q draw a straight line parallel 
to the axis of the cylinder, and determine its trace. 

Determine the corresponding trace of the cylindrical 
surface. 

A tangent to the latter drawn through the trace of the 
line is the trace of the required tangent-plane. 



Problem III. 

To determine a tangent-plane to a given cylinder^ which 
shall have a given inclination $, 

For reasons, before, indicated, the angle of inclination 
of. the tangent-plane cannot be less than the angle of in- 
clination of the axis of the given cylinder. 

Determine a plane inclined containing the axis of 
the cylinder, see Chapter in. Problem 9 : the plane parallel 
to this and touching the cylindrical surface is the required 
tangent-plane. 

Problem IV. 

To determine a cylinder which shall have a given straight 
line for its axis and shall touch a given cylinder. . 

It is obvious that the two cylindrical surfaces will have 
a common tangent-plane at their point of contact. The 
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problem consists therefore in the determining this point; 
which will lie in a straight line at right angles to both 
axes. 

Let AB be the axis of the given cylinder, and CD that 
of the required one : AB not lying in the same plane with 
CD, Determine the line PQ at right angles to each of 
these lines by Problem 23, Chap. 11 1., meeting AB in 
point P and CD in Q. 

Let PQ^ pierce the surface of the given cylinder in point 
Sy then S is the point of contact required, and QS is the 
radius of the base of the required cylinder. 

Another method. 

Assume any point -P and draw through it parallels to 
the two given axes. Determine the traces of these lines and 
join them for the horizontal trace of the plane containing 
them. 

Another plane parallel to this and touching the horizon- 
tal trace of given cylinder will be the tangent-plane of the 
required cylinder. Its horizontal trace will also touch the 
horizontal trace of required cylinder. 

The generatrices from the two tangent-points in the two 
ellipses will be the two lines of contact of the cylinders with 
the tangent-plane, and the point where these lines cross 
will be the point T' of contact of the cylinders. 

To draw the horizontal trace of required cylinder. Find 
the horizontal trace of its given axis. Find also the real 
distance from any point M on the axis to the tangent- 
plane; this will give the radius of the contained sphere. 
Then the problem is to draw the cylinder with axis and 
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contained sphere given, for which see Chapter xi. Pro- 
blem 9. 

Or^ the horizontal trace of required cylinder may also 
be drawn thus. 

Draw from any point in the given axis a perpendicular 
to the tangent-plane, and find the point where the perpendi- 
cular meets that plane. A line through this point parallel 
to the given axis will be the line of contact of tangent-plane 
with required cylinder, and its horizontal trace will be a 
point in the horizontal trace of the cylinder. The true 
length of the perpendicular to the plane will be the semi- 
minor axis of the elliptical trace. On drawing the minor 
axis through the horizontal trace of given axis of cylinder at 
right angles to the plan thereof, we have one axis and a 
point in the curve, from which data the ellipse can be 
dra^vn by means of a piece of paper. 



Problem V. 

Given two points, B and C, at equal distances from a 
given plane, as the foci of the elliptic section of a right cylinder 
which totiches the plane: determine the cylinder and its line 
of contact with the plane. 

The ellipse is perpendicular to the given plane, and 
touches it in the extremity Q of the minor axis of the curve. 
This point may be determined by a perpendicular to the 
straight line BC and the plane, through O the point of 
bisection of BC\ Q being the intersection of this per- 
pendicular and the plane. 

Complete the ellipse by making its major axis equal 
to BQ + CQ. 
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The position of a circular section of the cylinder, per- 
pendicular to the plane with radius equal to OQ, can be 
determined, with one extremity of a diameter coinciding 
with an extremity of the major axis of the ellipse. See the 
construction given in Chap. vii. converse of 2. 

The straight line, through point Q, and the point in 
which the circle touches the plane, is the required line of 
contact of the cylinder and its given tangent-plane. 

Work the problem : 

(i) When the given plane is horizontal, 
(2) is inclined. 



IX. 



INTERSECTIONS OF SOLIDS WITH PLANE 

SURFACES. 

Note. Developments should be drawn to most of the 
problems of this Chapter, for which refer to Chapter vii. 
Problem I. 

Problem I. 

Two right prisms y with square bases 0/2'^ inches side^ 
intersect. One is placed with its edges horizontal and parallel 
to the vertical plane^ and with its lowest face inclined 30° and 
its lowest edge i inch above the horizontal plane. The other 
stands on its base with one face inclined 2^^ to the vertical 
plane and with its axis passing through the highest edge of 
the horizontal prism. Ot/ier dimensions at pleasure. Draw 
i>lan and elevation. 

Commence by drawing an auxiliary elevation of the 
horizontal prism, so arranged, that the elevations of both of 
its bases coincide : that is, draw the square and a ground 
line inclined 30° to one side and i inch below the lowest 
comer or angle of square. From this determine plan. 

The plan of the vertical prism can then be easily placed 
in position, and will be a square with one side inclined 25*^ 
to the ground line of the required elevation. 
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Then proceed with the required elevation. 

For the intersection, the points in which the plans of the 
edges of the horizontal prism meet the square, which is the 
plan of the vertical prism, will be the plans of the points of 
intersection between those edges and the vertical faces; 
and their elevations can readily be found by perpendiculars 
from them to the ground line to meet the elevations of the 
same edges. 

The points in which the vertical edges of the one prism 
intersect the faces of the other will not be evident in plan 
on account of the vertical position of those edges, but they 
can be marked oif in elevation by transferring their heights, 
which can be readily taken from the first or auxiliary eleva- 
tion, to the required elevation. 

The proper points must then be joined, and this will 
best be ascertained by inspection from the auxiliary ele- 
vation. 

Problem II. 

An elevation of the same prisms^ similarly arranged^ on a 
vertical plane inclined 40° to the horizontal edges. 

Use the plan of Problem i, if convenient for the paper, 
and draw xy 40° with horizontal edges for the elevation. 



Problem III. 

Let the horizontal prism be intersected by one with base a 
regular hexagon of v^ inches side standing on its base, and 
with one edge at least outside the other solid. Other arrange- 
ments at pleasure. 
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Problem IV. 

Plan and elevation of a right prism, with long edges hori- 
zontal, bases equilateral triangles, piercing a square pyramid 
standing on its base. No face of prism to be horizontal or 
vertical. All horizontal edges to enter pyramid. One side of 
the bcLse of the pyramd to be inclined t^o^ with the vertical plane. 
Other dimensions and arrangements at pleasure, 

(i) Make an auxiliary elevation at right angles to 
the horizontal edges of the prism. This elevation of the 
prism will be the equilateral triangle. Complete plan and 
second, i. e. the required, elevation of solids preparatory to 
finding intersection. 

(2) The points where the elevations of the edges of the 
P)n:amid cross this triangle will be the elevations of the 
points of intersection of the edges of the pyramid with the 
faces of the prism. Perpendiculars to the xy from these 
points will be loci of their plans. 

(3) To find the points in which the horizontal edges 
enter and leave the pyramid, draw in the auxiliary elevation 
lines from the vertex to the base passing through the 
elevations of the horizontal edges. These are really lines 
on the faces of the pyramid passing through the points 
where the horizontal edges of prism enter and leave the 
pyramid. Determine these lines in plan. The points 
where they cross the plans of the horizontal edges of the 
prism are the plans of the points required. 

(4) The proper points m«st then be joined from in- 
spection. 
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Problem V. 



Take a pyramid and prism of four and five sides in each 
base respectively^ and find intersection. Let the pyramid be 
placed as in the last problem, and the prism with horizontal 
edges, and with two entirely free from the pyramid. 



Problem VI. 

To determine the penetration of a prism standing on its 
base with a pyramid, when the base of the pyramid is in- 
clined ff^j has no side horizontal, and is not at right angles 
to the vertical plane. 

Draw pyramid and prism, preparatory to find their 
interpenetration. 

The plans of the points at which the edges of thq 
pyramid enter the prism are shown where these edges in 
plan cross the plan of the prism, and can thence be deter- 
mined in elevation. 

The intersection of the vertical edges of the prism 
with the faces of the pyramid can be found, either, by 
determining the traces of the planes of those faces and 
finding their intersection with the vertical edges passing 
through them, or, which is more simple, by drawing lines 
from the plan of the vertex of the pyramid through the 
plans of the edges of the prism to the base of the pyramid, 
and showing these lines, which are really lines on the 
suifaces of the faces of the pyramid, in elevation. The 
intersections of the elevations of these lines, with- the ele- 
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vations of the edges of the prism through which they 
were drawn in plan, give the elevations of the points re- 
quired. 

The proper points must then be joined from inspection, 
so as to give the whole interpenetration of the two 
solids. 



Problem VII. 

To determine the interpenetration of two or more solids 
Tznth plane surfaces^ by means of parallel sections. 

Take, for example, two irregular hexagonal pyramids, 
of assumed but different heights, resting on the horizontal 
plane and intersecting one another. 

Determine their plans only. The faces which intersect 
can be seen from inspection. 

Then, to find the intersection of any two such intersect- 
ing faces, draw horizontal lines in each face, at the same 
level. 

The points at which these lines at the same level cross 
one another will be points in the actual intersection of the 
planes of the two faces. 

Any two such points being determined, the line of in- 
tersection can be drawn through them until it meets an 
edge bounding one of the faces under consideration. 

By continuing this method with all the other intersect- 
ing faces, the whole interpenetration will be determined. 
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X. 



INTERSECTIONS OF SOLIDS WITH CURVED 

SURFACES. 



Problem I. 

Two cylinders^ one horizontal with base 2 inches in dia- 
meter ^ the other vertical with base 2*5 inches in diameter^ 
intersect. The axis of the horizontal cylvider is 2 inches 
above the ground, passes through the axis of the other, and is 
inclined 40° to the vertical plane. Determine plan and ek- 
vation. 

Arrange the cylinders in plan and elevation preparatory 
to finding their intersection. 

Determine horizontal lines on the surface of the hori- 
zontal cylinder in plan and elevation. 

Such lines in plan will be parallel to the plan of the 
axis, in elevation parallel to its elevation. Assume them 
according to convenience in plan, and ascertain their 
heights from an auxiliary elevation made on a vertical 
plane at right angles to the axis. 

The plan of the intersection required will coincide 
with the plan of the base of the vertical cylinder, the 
points at which the horizontal lines enter the vertical 
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cylinder being shown in plan where the lines cross the 
circular base. 

The elevations of these points will be determined by 
perpendiculars from their plans to the ground line, to 
meet the elevations of the lines in which they must be 
situated. The elevation of the whole intersection will be 
completed by joining the elevations of these points. 



Problem II. 

Find the intersection of two cylinders similarly arranged to 
those in the last problem^ except that the axis of the horizontal 
one is "5 inch from that of the vertical cylinder and its base is 
3 inches in diameter. 

In this problem the intersection forms one continuous 
curve. 

The work is exactly similar to that in the last problem. 



Problem III. 

Determine the intersection of a vertical cylinder with 
base 2 '5 inches^ and a cone with base 2 '5 itiches^ axis hori- 
zontal^ passing through that of the cy Under ^ and inclined 45" 
to the vertical plane. 

From the position of the cone the plan of its base is 
a straight line, the elevation an ellipse. Determine lines on 
the conical surface from vertex to base. 

8—3 
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For this purpose assume points in the plan of the base, 
and join them to the vertex. Show these lines in the eleva- 
tion, by drawing peipendiciilais fincnn the points assumed in 
the plan of the base to the ellipse which is its elevation and 
thence to the vertex. 

Or^ make an anviliaiy de^-adon as in Problem i for the 
cylinder and thence obtain heights in the base to be trans- 
ferred to the final elevation. 

The rest oX. the ct^istniction corri^^ponds to that in the 
preceding problems. 



Problem IV. 

Arrangt an example cf cone and cylindar^ with the axis 
of the cane free from that of the cylinder^ so that the cun-e 
of intersection may ^ a continuous one. 



Problem V. 

Arrange an example with com vertical and resting an 
its base, and a horizontal cylinder penetrating the cone. Let 
the axis of the cylinder be free from that of the cone and 
inclined to the vertical plane^ say 45*. Let part of the cylin - 
der be outside the cone. 

Determine horizontal lines on the surface of the cylin- 
der in plan and elevation as in preceding problems. Then 
determine sections of the cone by horizontal planes at 
the various heights at which these lines on the cylinder 
are. 
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la the elevation these sections will be straight lines, 
being represented by those portions of the lines on the 
surface oi the cylinder which cross the elevation of the 
cone. 

In the plan these sections will be circles described 
from the plan of the axis of the cone as a centre with the 
elevations of the corresponding circles for diameters. 

The points in plan at which the lines on the cylinder 
cross the circular sections of the cone on the same level, 
will give points in the interpenetration of the solids. 

These points when determined must be joined from 
inspection for the plan of the curve, and thence determined 
in the elevation. 

Problem VL 

Plan and eleifaiion of the intersection of a horizontal 
cylinder with a sphere under the follotving conditions : sphere 
with radius 2 inches and centre 2*5 inches high. Cylinder 
with axis in plan '5 inch from, and on a different level with 
the centre of the sphere, and inclined 45^ to the vertical plane, 
Diameter of cylinder 2 inches. 

The construction is similar to that in the preceding 
problem, the assumed horizontal planes cutting the sphere 
in circles as in the case of the cone. 



Problem VII. 

Arrange a cone placed vertically, and a sphere, and find 
intersection. Let centre of sphere and axis of cone be free 
from one another. 
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Problem VIII 

Arrange an example of two spheres intersecting^ of unequal 
sizes and unequal heights. 



Problem IX. 

Intersection of cone and prism. 

Prism with base an equilateral triangle^ one face inclined 
20°, and with long edges horizontal; cone vertical and resting 
on its base; one long edge at least of the prism being free from 
the conical surface^ and one at least penetrating it. 

Determine lines on the faces of the prism parallel to its 
edges. These lines will therefore be horizontal. 

Horizontal planes passing through these lines will be 
shown in elevation by the elevations of the lines, and will 
cut the cone in circular sections parallel to its base. 

Points in the intersection of the solids will be determined 
in plan where the circular sections of the cone are crossed 
by the horizontal lines at the same level on the surfaces of 
the prism. 

Problem X. 

To determine the intersection of two cylinders^ the axes 
of which are not parallel to either plane of projection, 

(i) Draw two lines making any angle, say 120*^, with 
each other for the plans of the axes of the cylinders. 
Assume an ellipse having its major axis on one of them as 
the horizontal trace of one cylinder. Complete the plan of 
this cylinder. 
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(2) To determine its elevation. Use the major axis pro- 
duced as an xy^ and draw elevation. This is done by 
describing a semicircle on the major axis, and setting off 
from one extremity as a chord the length of the minor. A 
line at right angles to this chord through the centre of the 
ellipse is the elevation of the axis of the cylinder. Parallels 
to this axis from the ends of the major axis of the ellipse 
complete an elevation of the cylinder which can readily be 
transferred to any other required plane of elevation. 

(3) Arrange a second cylinder similarly on the second 
line of the angle 120°, so that its convex surface may pene- 
trate that of the former. 

(4) To find their intersection. Assume a point in plan 
and elevation, and from it draw two lines parallel to the 
axes of the cylinders. Determine the horizontal traces 
of these lines, and join them. The line thus drawn will 
be the horizontal trace of a plane containing these two 
lines. 

(5) Points in the intersection of the cylinders must 
then be found by assuming auxiliary planes, cutting the 
bases of the cylinders and parallel to the plane before 
found, that is, with their horizontal traces parallel to the 
horizontal trace of this plane. As each of these cutting 
planes will contain lines on the surfaces of the cylinders 
springing from the points where it crosses their bases, and 
as these lines are all in the same plane, the points in which 
they actually cut one another will be points in the inter- 
section required. 

Any number of points can be found, by assuming a 
corresponding number of auxiliary cutting planes. The 
projections of these points must then be joined by hand 
to get the required curve of intersection. 
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Problem XI. 

To determine the intersection of two cones with oblique 
axes. 

Assume two intersecting cones — ^by the converse of 
Problem 5, Chapter xi. — in convenient position. 

Planes assumed passing through the vertices of the 
two cones and cutting their surfaces, will do so in straight 
lines, the intersections of which lines will give points in 
the intersection of the two cones. 

Draw a line through the vertices of the two cones 
and find its horizontal trace. The horizontal traces of 
the assumed cutting planes must pass through this point 
and cross the two bases. The rest of the work will be 
similar to that of the last problem. 

Problem XII. 

Intersection of cone with oblique axis and cylinder with 
axis inclined to both planes of projection^ the axes being free 
from one another. 

Assume cone and cylinder in convenient position. 

Draw a line from vertex of cone parallel to the axis of 
the cylinder. Planes assumed passing through this line 
and cutting cone and cylinder, will cut the former in lines 
dra\^Ti from points in its horizontal trace to its vertex, and 
latter in lines on its surface parallel to its axis. The rest 
of the work will be similar to that in previous problems. 



XL 



MISCELLANEOUS PROBLEMS. 

I. Plan and elevation of a aihe of 3 inches edge^ when 
three of its corners are i, 17 and 3 inches respectively aboi^e 
the horizontal plane. 

Refer to Chapter iii. Problem 21. 

Take i inch to equal 10 units. 

(i) Draw the square ABCD^ and figure ^ as i inch 
or 10 units, B zs ly units, and Cas 36 units, that is, the 
respective heights to which these points are to be lifted. 

(2) To find a * horizontal,' in order that the square 
may be folded about it into the required position. 

If A and C, which are to be at heights of 10 and 30 
units, be joined, there will be a point in the line AC 17 
units high, that is, at the same level as point B, Find this 
point M by dividing the line in due proportion, and the 
line drawn through B and J/ will be the horizontal required 
at level 1 7 units or 1 7 inches above the horizontal plane. 

(3) A vertical plane at right angles to plane of face 
ABCD may now be assumed by taking a line at right 
angles to BM for the intersection, atj^, of this vertical plane 
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and the horizontal plane at level 17 units. The vertical 
trace of plane of face A BCD may be easily determined 
because d and c' will by the position of the assumed ver- 
tical plane be in the vertical trace and their heights are 
known. 

(4) The square A BCD is the lowest face of the cube 
'constructed' in a horizontal plane at level 17 units, about 
the horizontal BM, The rest of the work therefore is simi- 
lar to that in former problems. 

2. Plan and elevation of a tetrahedron^ edge 3 inches^ when 
the three comers of its lowest face are "8, 1*5 and 2*2 inches 
above the horizontal plane. 

3. Flan and elevation of a cube of 3 inches edge, when 
the indefinite plans of three adjacent edges meeting in point A 
are given. 

Compare Chapter in. Problem 27. 

(1) Draw the three given lines as ab, ac^ and cul forming 
3 obtuse angles at a. Because the projections of a perpen- 
dicular to a plane are at right angles to its traces, a line 
drawn at right angles to any one of these edges as to aby 
will be a horizontal in the plane containing the other two. 
Draw such a line to cut clc \xi p and ad in s. Then the 
triangle pas is the plan of a right angle which may be 
* constructed ' about the horizontal ps by bisecting ps and 
describing a semicircle on it The angle in a semicircle 
being a right angle, point A when ' constructed * will be in 
the intersection of the semicircle with ab. If / and A^ and 
A and s be joined, the edge of the cube, 3 inches, can be 
measured from A on these lines Ap and As^ or the same 
produced, and the square can be completed. 
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(2) The plan and elevation of the whole may be 
finished by taking a vertical plane at right angles to the 
horizontal ps and v/orking from the square * constructed' 

4. Given an oblique plane by its traces^ neither being 
ferpendiailar to xy. Determine the plan and elevation of a 
tetrahedron resting upon it. 

Determine the inclination of the plane, Chapter in. 
Problem 5. Take a new ground line at right angles to the 
horizontal trace, set up the vertical trace in this new 
vertical plane, complete elevation and plan therein, and 
thence derive the elevation upon the first or given vertical 
plane. 

5. An oblique pyramid stands on its base, which is a 
regular hexagon ABC...F of \'^ inches side, V is the vertex, 
the face VAB is inclined at 75° to the base, VBC at 65^ VCD 
at 60**. Draw the plan of the solid. Science Examination, 
1870. 

(i) Draw the hexagon. 

(2) Determine the traces of plane 75°, taking the xy at 
right angles to the horizontal trace. 

(3) The same with plane 65°. 

(4) In each of these planes determine a horizontal 
line at the same height. The intersection of these lines 
gives a point p in the plan of the intersection of the two 
planes. 

Another point in the same intersection is b, and the line 
bp is the plan of one edge of the pyramid and contains v. 

(5) Work similarly with planes 65° and 60°, and the 
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edge cv is determined, also containing v. The point v is 
fixed by the intersection of the lines hpv and cv, 

6. Given the plan of a sphere^ required to determine the 
plan of a cube i?iscribed in it, a. the plan of one of its corners^ 
and the direction ab or plan of one edge being also given. 

(i) To find the true length of the edge of the inscribed 
cube. On the diameter of the circle which is the plan of 
the sphere, mark off one-third of its length from one ex- 
tremity, and from the point so found erect a perpendicular 
to meet the circumference. Join the extremities of the 
diameter to this point in the circumference. The shorter 
line is the edge of the inscribed cube, whilst the longer 
would be the edge of an inscribed tetrahedron. Or, by 
computation, if d equals the diameter of the sphere in 
inches, and e the required' edge of the cube, then 

n/ 3 : nAT :: d : e. 

(2) Make an elevation of AB on ab used as a line of 
level at the height of the centre of the sphere, and determine 
b. To do this, describe a cir.cle on the part of ab produced 
which cuts the circle forming the plan of the sphere. Erect 
a perpendicular to ab from point a to meet the circum- 
ference. This gives «'. From «' measure AB as a chord. 
This gives b\ and from b' a perpendicular to ab — which 
being used as a line of level corresponds for this work to a 
ground line — determines b, 

(3) A line drawn from b through the centre of the 
sphere with the distance from ^ to ^ measured on it from o 
will give the plan of^, another point in the face A...G, 

(4) Determine the plane by its traces containing aa\ 
and perpendicular to ab, ab\ This will be the plane of the 
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face A..,G of the cube. To do this, through point a' draw 
the vertical trace at right angles to a'd', and through m 
where this vertical trace crosses a^, the line of level, draw 
horizontal trace at right angles to al^, 

(5) * Construct ' this plane and with it points aa', gg\ 
Join AG which will be a diagonal of this face of the 
cube constructed. Complete the square, and therefrom 
determine its plan by means of the traces of its plane 
already found. 

(6) The edge ab being already drawn, parallels to ab 
and of the same length through the point a,.,g will complete 
the plan of the solid. 

7. A pyramid y 5 inches high, has its axis inclined 50^ 
and one diameter AD^ 4 inches long, of its hexagonal base 
inclined 25°. Draw plan and elevation, and determine the 
circumscribing sphere, 

(i) If the axis is inclined 50°, the plane of the base 
will be inclined 40". Determine this plane by its traces, and 
draw plan and elevation of the solid resting on it. Refer to 
Chapter iv. Problem i. 

(2) To determine the sphere. * Construct ' the plane 
containing tlie vertex and a diameter of the base of the 
pyramid. The horizontal traces of the two slant edges of 
the pyramid springing from this diameter to the vertex will 
be in the horizontal trace of plane required. Determine 
the centre of the triangle formed by this diameter and the 
slant edges of solid thus constructed, and describe circle 
therefrom passing through the three comers of the triangle, 
and you have the centre of the required sphere and its 
radius. If this point be S, its projections s and s can be 
readily determined. 
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8. To determine the centre and radius of a sphere:, on the 
surface of which four given points are situated. 

Care must be taken not to assume these points so that 
any three are in the same straight line : and the fourth point 
cannot be situated in the same plane with the other three, 
unless the four are in the same great circle of the sphere. 

If the line joining any two points be bisected by a plane 
perpendicular to it, since every point in that plane is equi- 
distant from the extremities of the line which it bisects, the 
plane must contain the centre of the sphere. For the same 
reason if two other planes be assumed, similarly bisecting 
any other two of the lines joining the given points, three 
planes will have been determined, each containing the 
required centre of the sphere. It will therefore be in their 
common intersection, that is, in the point in which the 
three planes intersect. 

The length of the radius will be found by means of the 
right-angled triangle. If the distance from the plan of the 
centre to that of any point on the surface be taken as the 
base of a right-angled triangle, and the difference of level 
between the centre and this point as the perpendicular, the 
hypothenuse will be the radius required. 

9. Draw the cylinder which would envelop a sphere of 
I '5 inches radius and i inch above the ground. Let its axis 
be inclined 50°, and make in plan an angle of ^0° with the 
ground line. Show circle of contact and horizontal trace of 
cylinder. 

(i) Draw sphere and plan of axis of cylinder according 
to conditions. 
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(2) Use the plan of the axis as the ground line for a new 
elevation, in which draw a second elevation of the sphere. 
A line through the centre of sphere meeting the new ground 
line at the given inclination will be the elevation 6f the axis, 
and parallels to it, tangential to the circle which represents 
the sphere, will give the major axis of the ellipse in which 
the cylinder cuts the horizontal plane. The minor axis of 
the curve will be marked oflf by parallels to the axis of 
the cylinder in plan, tangential to the circle which is the 
plan of the sphere. From the second or auxiliary elevation, 
the elevation on the original vertical plane can be easily 
determined. 

(3) The circle of contact is shown, in the auxiliary 
plane of elevation, as a straight line, and from this can 
readily be determined in plan, and from thence on the 
original vertical plane. 

10. A cone, with vertex 5 inches high, axis inclined 50*^ 
and in plan making ctn angle of 30° with the ground line, 
envelops a sphere of i inch radius and 1 inch high. Deter- 
mine horizontal trace of cone and circle of contact. 

As in the last problem use the plan of the axis as the 
ground line for an auxiliary elevation. In this auxiliary 
plane set up the elevation of the axis by drawing a line 
inclined 50® with xy through the point which is the elevation 
of the <:entre of the sphere, and determine vv the vertex of 
the cone 5 inches high. Tangents from v' to the circle 
representing the elevation of the sphere will mark off on xy 
the line which is the elevation of the horizontal trace of the 
cone. This same line is also the length of the major axis 
of the ellipse which is the horizontal trace of the cone. 
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To find the minor axis of the same ellipse, the point 
must be determined on the circle of contact, through which 
a line from the vertex to the extremity of the minor axis 
would pa^s. In the auxiliary elevation this line will be 
shown by joining the vertex and the centre of the major 
axis. The intersection of this line with the straight line 
representing the elevation of the circle of contact gives 
the elevation of the point required, through the plan of 
which point a line drawn from the plan of the vertex marks 
off the extremity of the minor axis sought. 

But note that the straight line which in the auxiliary 
elevation will be the elevation of the circle of contact will 
not pass, as in the case of the cylinder, through the eleva- 
tion of the centre of the sphere. It is the line joining the 
tangent points before determined. 

The plan of the circle of contact can be readily deter- 
mined by previous problems. 

The traces on the horizontal plane would represent the 
shadows of spheres cast by rays of light which are parallel 
in the case of the cylinder, and which proceed from a fixed 
point in that of the cone. 

The circles of contact would separate the dark and light 
parts of these spheres. 

II. Plan and elevation of a pentagonal pyramid when 
one face is vertical and one long edge of that face inclined at 50". 
Side of base 1*25 /«., axis 3*5 in. Science Exam. Hon. 1872. 

(i) Determine angle Q between base and one face of 
pyramid. 

(2) Determine a line in the vertical plane of projection 
inclined 50^ and on this line draw a triangular face of the 
pyramid, one long edge of that face lying in the line. . 
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If the vertical face of the p)rramid be assumed parallel to 
the vertical plane of projection, the triangular face of the 
pyramid drawn as above will be an elevation of a real face 
of the solid, and the plan of this real face will be a straight 
line parallel to xy at any chosen distance in front of the 
vertical plane. 

(3) Assume two points in the short side (i.e. the base)^ 
or short side produced, of the triangular face of the pyramid, 
and make them the vertices of two right cones having their, 
bases in the vertical plane and generatrices inclined to bases 
At B degrees. 

. (4) Draw the tangent plane to these cones. The vertical 
trace will be a line tangential to the circular bases, and the 
horizontal trace a line drawn through the horizontal trace of 
the short side or base of the triangular face of the p3rramid. 
and the point where xy is met by the vertical trace. 

(5) 'Construct' this plane and the short side of the 
triangular face with it. On this side * constructed ' describe 
the pentagon which is the base of the pyramid and deter- 
mine plan and elevation therefrom. 

.The projections can be at once completed by joining the 
proper points, all of which are thus determined. 

12. A right pyramid^ having a hexagon of i'2^ in. side 

for its base, and an axis of y^ in,, lies with one edge on the 

horizontal plane, and a face containing that edge is inclined at 

25**, Draw plan and elevation. Science Exam. Hon. 1870, 

(i) Determine the angle a° between the base and one 
face of the pyramid. 

(2) Determine plane of 25® by its traces. 

£. G. Q 
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(3) * Construct ' this plane and draw in it a triangular 
face of the pyramid with one of its equal sides lying in the 
horizontal trace, and thence determine plan. 

(4) Produce the base of the triangular face and con- 
struct it. 

Note, The line thus constructed will be the produced 
base of the isosceles triangle first drawn. 

(5) Describe a circle of any convenient radius touching 
this line and mark /*, the point of contact Assume this 
circle to be the base of a cone with generatrix inclined a", 
and find the vertex, K 

(6) Find the projections pp\ w' of FV^ and the hori- 
zontal trace of a straight line drawn from V to P. 

The line drawn through this trace and the point where 
tangent line to base of cone at point F meets the horizontal 
trace of plane 25®, will be the horizontal trace of a plane 
inclined a° to this plane, and will contain the base of the 
triangular face of pyramid determined in (3), and hence is 
the plane of the base of that p)rramid. This plane can now 
be constructed and the projections determined as in pre- 
vious problems. 

It may be remarked that the line FV is that in which 
the plane of the base of the pyramid touches the cone. 

13. The two extremities A^ByO/ one edge of a cube are 
at heights of '4 /«., i '6 in, above the paper. The centre of 
the solid is at a height of r/^ in. Draw the plan of the solid. 
Edge - ^ inches. Science Exam. Hon. 1870. 

The section of the cube made by a plane, passing through 
the edge AB and centre O of the solid is a rectangle, two 
sides of which are edges of the cube and two diagonals of 
the faces. 
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By the conditions, the heights of three points — two ex- 
tremities of one short side, and the centre — of this rectangle 
are given. 

(i) Determine plan and elevation of this rectangle as 
in Problem i. 

(2) Determine a plane at right angles to one of the 
short edges of the rectangle and containing one of the long 
edges of the latter. This condition is complied with if the 
plane be drawn through one extremity of a. short side and 
perpendicular to it Converse of Chapter iii. Prob. 13. 

Or the horizontal trace of the plane may be drawn at 
once through the horizontal trace of one long side of the 
rectangle at right angles to the short sides of the latter. 

(3) Construct the plane thus drawn, which is the plane 
of one face of the cube, and with it the long side of the rect- 
angle. 

The latter being a diagonal of a face of the cube, the 
plan of the solid can be completed therefrom as in previous 
problems. 

14. An irregulaK pyramid has for its base a triangle 
ABC* AB = 3 /;2./ AC = 3*5 in.; BC=*4/;^..* the plan di of 
the fourth corner projected on the plane of the base is 2 in, from 
A; I'S in. from B; the true length of the remaining edge CD is 
37 in. Draw the plan of this pyramid^ when standing on its 
base^ and an elevation on a plane parallel to the ec^e AD. 
Determine the lengths of the edges AD, BD, and the height of 
D above the base. 

a. Determine the inclinations of the faces ABD, A CD, to 
the plane of the base* 

jjS. Draw a plan of this pyramid wheti the edge CD is 
vertical. Science Exam. 1 868* 

9—2 
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(i) Draw the triangle ABC, The point ^will be found 
by describing a circle of 2 in. radius from A as a. centre and 
another of 1*5 in. radius from jB ; the point where the circles 
intersect on that side of AB nearest to C, is the point 
required. 

(2) Join dC, and from d draw a' perpendicular to this 
line. A circle of 37 in. radius described from Cas a centre 
will cut this perpendicular at D, and Dd will be the height 
of the vertex of the pyramid. 

> 

(3) To determine the lengths of the edges AD, BD^ 
draw from d lines perpendicular respectively to Ad and Bd. 
Make these perpendiculars equal to height of vertex « dD^ 
and complete the right-angled triangles AdD^ BdD\ the 
hypothenuses AD^ BD of these triangles are the edges 
required. 

(4) For the required elevation, xy must be taken 
parallel to the plan dA of the edge AD, The rest of the 
work presents no difficulty. 

K 

Note, The elevation of AD on this vertical plane is in 
true length. 

(5) For the inclination of the faces ABD, A CD, eleva- 
tions may be made on vertical planes at right angles to the 
lines AB and AC respectively. 

(6) For the plan {fi) make an elevation on a plane 
parallel to CD, and from this elevation deduce the plan 
required, by taking xy at right angles to the elevation ddl^ 
of CD. 

15. Plan and elevation of a tetrahedron inscribed' in a 
sphere of 2 inches radius. Two adjacent edges of the solid 
inclined at angles of 26^ and 30® respectively. Centre of sphere 
3 inchis above horizontal plane^ 
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(i) Find edge of tetrahedron inscribed in a sphere of 
2 inches radius. See Problem 6, page 124. 

Note, The edge of tetrahedron is a diagonal of face of 
inscribed cube. 

(2) Draw an equilateral triangle with sides equal to 
edge of inscribed tetrahedron^ and determine the diameter 
of a circle circumscribing this triangle. Set off the diameter 
of this circle as a chord of a great circle of given sphere, and 
find the length of a perpendicular from the centre of great 
circle to the chord drawn. Call Ox the length of this per- 
pendicular; then Ox is. the length of a perpendicular from 
centre of given sphere to plane of face of inscribed tetra* 
hedron. 

(3) Determine on a convenient part of the paper the 
plane of a face of any tetrahedron having two adjacent 
edges of that face inclined as above. Chapter iii. Problem 20. 

(4) Draw from centre, O^ of the given sphere, a line 
perpendicular to the plane determined in (3) and cut off on 
this line from the centre of given sphere a length equal to 
Ox, A plane through the point x at right angles to the 
perpendicular Ox, will be parallel to the plane of the face 
of the auxiliary tetrahedron first drawn, and will also be the 
plane of one face of the solid required. 

(5) * Construct ' this plane with the curcle in which it 
cuts the given sphere. 

(6) Inscribe in the circle constructed the triangular 
face of the required tetrahedron. To do this : — draw three 
tangents to the circle parallel to the three sides of the 
triangular face of the auxiliary tetrahedron first drawn for 
the purpose of determining the plane of a face of that. 
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solid. The three tangents constitnte an equilateral triangle 
circumscribing the ciide. Draw lines finom the three angles 
of this figure to the centre of the circle, and join the points 
where these lines cut the circumference. This will be 
another equilateral triangle with sides parallel to the last 
inscribed in the constructed circle, and will be, moreover, 
the constructed plan of the &ce of the required inscribed 
tetrahedron, from which the projections can be at once 
completed. 

i6. The centre O of a sphere of 2 inches radius is 3 
inches above the plane of the paper. A point 'di on the surf ace^ 
4*25 inches high, is the plan of one comer j K^of an octeihednm 
inscribed in the sphere. The edge AB is inclined 45'. I^raw 
the plan and an elevation on a vertical plane inclined 30* to the 
plan ao. 

(i) Determine the edge of the octahedron. This will 
be equal to the side of a square inscribed in a great circle 
of the given sphere. 

If r= radius of sphere, ^^side of inscribed octahedron, 
then 

r I X II \ : Va- 

(2) Make plan and elevation of sphere, and determine 
the plan and elevation of A on its surface. To do this : — 
draw, on the elevation, a line at the height of 4-25 inches 
parallel to xy and cutting the elevation of the sphere. This 
may be considered as the vertical trace of a horizontal plane 
passing through sphere at the assumed level. The section 
of the sphere by this plane will be a circle shown in true 
form in plan, and as a straight line in the trace of the plane 
in elevation. The point A is on the circumference of the 
circle constituting the plane section of sphere, and its pro- 
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jections a^ d are on the corresponding projections of the 
section. To find a^ draw a line from Oy the plan of the, 
centre of the sphere, making an angle of 30° with xy^ and 
produce it to meet the circle which is the plan of the 
section. The point of intersection is a. a' is at once 
found by projecting a to the straight line drawn at 4*25 
inches above xy. 

(3) Make A the vertex of a cone, axis vertical, genera- 
trix inclined 45° and equal in length to the side of the octa* 
hedron (i). 

The base of this cone in elevation is a straight line and 
in plan a circle, with radius equal to that of the given 
sphere, described from the point a as centre. The section 
of the sphere by the plane of the base of the cone produced, 
is another circle. Show the latter in plan. Either of the 
two points where the plan of the circular base of the cone 
meets the plan of the circle cut from the sphere by the 
plane of the base of the cone produced, may be taken 
as the plan b of the other extremity JB of the edge AB. 

(4) Determine b' and draw ab^ a'b'* These are the 
projections of the edge AB, 

(5) Determine the plane containing the straight line 
AB and the centre of the sphere O. Construct it and 
complete the square ABCD^ which will be inscribed in 
a great circle of the sphere. 

(6) Determine the plan abed and a perpendicular to the 
plane of A BCD from O meeting the surface of the sphere 
on both sides of the plane at P and R, 

(7) Complete plan of solid by joining/ with abcd^xA 
r with the same points, and elevation by joining /' and 
r with db'cd as before. . 
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17. A parallelogram^ sides 3 inches and 2 inches^ included 
angle 60°, is the plan of a square. Determine the side of the 
square and the inclination of its plane. Science Exam. Hon. 
1871. 

(i) Draw parallelogram and inscribe in it an ellipse. 

This ellipse will be the plan of a cirde inscribed in 
the square of which the parallelogram is the given plan, 
and which circle will necessarily lie in the same plane with 
the square; that is, in the plane whose inclination we have 
to find. 

(2) Determine the major and minor axes of this ellipse. 

The former is a horizontal line lying in the plane of the 
square, and is therefore the diameter of the circle of which 
the ellipse is a plan. This latter property carries with it 
two others, viz. that of being the diameter of the circle in- 
scijbed in the square whose side is required, and also that 
of being equal to that side. 

(3) To determine the inclination of the plane, it is 
only necessary to make a projection of the minor axis 
On a vertical plane assumed at right angles to the major 
axis. The plane of the square and the assumed vertical 
plane are perpendicular, hence, the elevation of the minor 
axis of the ellipse will fall in the vertical trace of the 
plane of the square and its angle of inclination with xy will 
therefore be the same as that of the plane. 

The student will require no further assistance in deter- 
mining this plane or in constructing it with its contained 
square for the purpose of verifying the side found from the 
major axis of the ellipse. 

18. A tetrahedron^ of 3 incites edge, stands with one comer 
on the horizontal plane^ so thai the plans of the two edges which 
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meet at that comer are i'9 in, and i'5 in, respectively. Draw 

m 

the plan of the solid. Science Exam. Hon. 187 1. 

(i) Determine the plane of the face containing the 
edges whose lengths in plan are given. 

To do this: — draw a line and make it equal in length 
to either of the plans of the given edges. Show an eleva- 
tion of this edge on a parallel vertical plane. For this 
purpose the xy must be taken parallel to the line drawn, 
^nd should be assumed at a convenient distance therefrom. 
An elevation on this plane will show the edge in true length, 
i.e. 3 inches. 

This determines one edge of the solid. The other is of 
the same real length and inclined at a constant angle of 
60° to the first. It is plain, therefore, that the second will 
lie somewhere on a conical surface having the first for an 
axis and the second for a generatrix; that is, on a cone 
whose vertex is at the point where the first edge meets the 
horizontal plane, — vertical angle 120°, generatrix 3 inches, 
and axis coincident with the edge whose projections we 
have found. 

Determine plan and elevation of this cone. The eleva- 
'tion of the base will be a straight line bisecting at right 
angles the vertical projection of the edge first found, and 
the plan, an ellipse, having its centre at the middle point of 
the plan of that edge. 

Describe a circle from the vertex of the cone in plan 
"with a radius . equal to the length of the plan of the second 
edge; and from either point common to circle and ellipse 
draw lines to the two extremities of the first edge. 

The triangle thus drawn is the plan of the face of the 
tetrahedron containing the two given edges. From this the 
plane of the face can be at once drawn. 



13^ SOLID OR DESCRIPTIVE GEOMETRY, 

(2) Construct this plane and complete plan of tetra^ 
hedron as in previous examples. 

19. An irregular triangular pyramid has its edges AB 
= 2; AC = 2S; BC = 3; AD = 3-33 ; BD = 3-45; CD = 3-84 
inches. Determine the plan of the sphere circumscribing thi^ 
solid when the plane of the face ABC is inclined 40° and one 
edge AB of that face 30° to the horizontal plane. 

(i) Determine the plane of 40** and the line inclined 
30® lying in it. 

(2) *Constnict' the plane with the line of 30^ and on 
the line so constructed describe the triangle ABC. 

(3) On the side AB describe another triangle ABD. 
Imagine the triangle ABD, which is a face of the pyramid, 
to revolve about AB as an axis; the point D will describe 
a circle in a plane perpendicular to AB and the locus of J^ 
about the axis AB will be, in plan, a straight line drawn 
from the vertex I> of the triangle ABD at right angles to AB, 

Draw the plan of this locus and produce it indefinitely. 

(4) On the side BC describe a triangle BCD. 

A line from D perpendicular to CB will be the plan of 
the locus of D about CB as axis. 

Draw this line and produce it to cut the line determined 
in (3). 

(5) The point d where the loci intersect, in plan, is 
the plan of the' vertex D. The height of this point can 
be readily determined by an elevation on a vertical plane 
parallel to one of the slant edges. 

The plan and elevation of the solid on the plane of 4^' 
present no difficultieis. See Chapter lY. 
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' The four points A^ B^ C, 2?, situated at the solid angles 
of the pyramid, are those through which the sphericaj 
surface has to pass, and the centre of this sphere is found 
as in Problem 8 of this Chapter. 

2o. Draw a triangle ABC having AB = 27, BC = 3*2, 
AC = 2-3 inches. The points A, B, C are the stations of 
three observers who at the same moment take the altitude of 
a point P in space. The angle by A is 33®, by B 37®, and 
by C 46^. Show the plan of the point and find its height 
in inches above the plane of ABC. Science Exam. Hon. 
1872. 

The point jPis the common intersection of three inverted 
cones with axes vertical, vertices at the points A^ J5, and C, 
and generatrices inclined to the planes of the bases at angles 
of 33**, 37® and 46® respectively. 

To work the problem : — 

(i) Make elevations of the cones on a vertical plane 
and across the elevations draw a series of lines at con- 
venient distances apart each parallel to xy. These lines 
are to be regarded as the vertical traces of a series of hori- 
zontal planes at the levels shown by the lines in elevation. 

(2) The sections of the cones by the horizontal planes 
are circles, which are shown in true form in plan. Deter- 
mine the plans of the sections of any two of the cones. The 
points where the circles which are the plans of the sections 
of the two cones under consideration by the same horizontal 
plane cut one another are points in the plan of the intersec* 
tion of those cones, and a curve drawn through these points 
will be the plan of that intersection. 

Similarly the plan of the intersection of one of the above 
cones with the third can be found 
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The point where the two intersections in plan cross is 
the plan p of the point P, 

(3) The elevation /', and therefore the height of P^ 
can be easily determined thus : From the plan of the vertex 
of one of the cones, as A^ describe a circle to pass through 
/. This circle is the plan of a section of the cone whose 
vertex is -<4 by a horizontal plane passing through P. A 
line at right angles to xy and a tangent to the circle will 
cut the slant side of the cone in elevation at a point the 
height of P above xy, ■ 

21. The plane of a circle 2*5 in. diameter is inclined 
ai 2^. Its centre is 2*8 in. above the horizontal plane. 
sDetermine the sphere which resting on the horizontal plane 
has this circle on its surface.. Science Exam. Hon. 1873. 

(i) Determine plane of 25® and the projections of the 
circle l)dng therein. 

A straight line drawn from the centre of the given circle 
at right angles to its plane will pass through the centre of 
the required sphere. 

(2) Draw projections of a line at right angles to given 
plane from centre of given circle and find the horizontal 
trace of this line. " 

(3) Draw a vertical plane containing the line deter- 
mined in (2). This plane will be perpendicular to plane 25? 
and its horizontal trace will pass through the horizontal trace 
of the perpendicular to this plane (2) and will also be at 
right angles to the horizontal trace of the given plane.* 

The vertical plane will cut the given circle at two points 
which are the extremities of a diameter, shown in plan as the 
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minor axis of the ellipse which is the plan of the circle. 
These points are, moreover, two points in a great circle of 
the sphere which has the given circle on its circumference 
and which rests on the horizontal plane at a point in that 
great circle. 

The plane of this great circle is vertical and coincides 
therefore with the vertical plane just drawn. The horizontal 
trace of this plane is a tangent at the point of the great 
circle mentioned above as that in which the sphere touches 
the horizontal plane. 

(4) * Construct ' the vertical plane and with it the two 
points. 

(5) Determine a circle passing through these points 
^rid touching the horizontal trace of the vertical plane (3). 
The centre of this circle is that of the sphere constructed, 
and its radius that of the sphere required. 

Find plan and elevation of the centre and describe 
circles therefrom with the radius found. 

The circles so drawn are the required projections of the 
^here. 

22. The axes of two equal cylindrical surfaces are in- 
clined in opposite directions at 25°, 50°; the line perpendicular 
to both these axes is 3 inches long and inclined 35®; the two 
surfaces touch each other in one point only. Draw plan of 
cylinders showing point of contact. Elevation at pleasure. 

Science Exam. Hon. 1869. 

(i) Determine projections of the axes and their com- 
mon perpendicular by Problem 22, page 73. 

(2) Bisect the plan and elevation of the line of 3 inches 
which is perpendicular to the axes. The points of bisection 
are the projections of the point in whicli the cylinders touch. 
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(3) The ptans of the cylinders can be completed by 
making auxiliary elevations of the axes on vertical planes 
assumed containing these axes. Lines parallel to the eleva- 
tions of the axes and in the same vertical planes with them, 
at distances of 1*5 in. on each side, meet the horizontal 
plane in points on the plans of the axes produced which ate 
the extremities of the major axes of the elliptic sections 
made by the horizontal plane. The semi-minor axes of the 
same sections are equal to 1*5 in., and hence the ellipses 
can be drawn and the plans and elevations completed. 

23. TTiree spheres A, B, C ^2*3, 1*9 and 1*3 inches 
diameter rest upon the horizontal plane^ each touching the other 
two. Determine plan and elevation of a fourth sphere^ 75 
inch radius, touching all three. 

(i) Draw plan and elevation of the three spheres A, B^ 
Cas in Problem 5, page 100. 

(2) Determine an elevation of two of the spheres, as A^ 
£y on a vertical plane parallel to the line joining their 
centres. The elevation will be two circles touching at a 
point on their circumferences which is a projection of the 
point in which the spheres themselves touch. 

(3) Draw a third circle of 75 inch radius touching 
each of the two circles determined above. Consider the 
circle last drawn as a projection of the sphere of 75 inch 
radius which is required to touch all three given spheres. 
From the drawing it will be apparent that the elevation 
drawn is that of a sphere 75 inch radius touching two only, 
viz. A and B, of these spheres. Conceive the sphere of 75 
inch radius to roll round the two spheres A, B and preserve 
its contact with each during the revolution. The centre of 
the revolving sphere will describe a circle in a plane at right 
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angles to the line AB^ which circle in elevation will be a 
straight line drawn from the centre of the circle of 75 inch 
radius perpendicular to db* and produced to an equal 
distance on the opposite side of this line. 

Note. The circle described by the centre of the re- 
volving sphere is the locus of the centres of all spheres of 
75 inch radii which touch each of the spheres A^ B, 

(4) Determine plan of this circle. The plan will be 
an ellipse with its major axis at right angles to ab. 

(s) Proceed similarly with one of the two spheres 
taken above and the third C, and determine the projections 
of the locus of the centre of a sphere of 75 inch radius 
in simultaneous rolling contact with both. The plan of this 
locus will likewise be an ellipse, and the two points where 
the loci intersect will be shown in plan by the intersection 
of the ellipses. 

» 

The points thus determined are the centres of spheres 
of 75 inch radii which satisfy the required conditions. 

For practice another example may be taken in which 
the three spheres A, By C are at different heights above the 
horizontal plane and not in contact, taking care not to 
remove the centres so far apart as to render the problem 
impossible. 

24. TJiree equal spheres, diameters 2 inches each, have 
their centres at the angl s of a vertical equilateral triangle of 4 
inches side, with one side horizontal. Draw a tangent j^lane 
to the three spheres — 

(a) To pass above the two lower and under the upper 
sphere^ 
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(b) To pass above one of the loiver and under the other 
two spheres* 

For a. Draw auxiliary elevation on a vertical plane at 
right angles to the plane of the triangle. A tangent to the 
two circles which are the elevations of the three . spheres 
can be drawn for the vertical trace of the required plane. 
The horizontal trace is perpendicular to xy, 

. For b. Draw elevation as a vertical plane parallel to 
the plane of the triangle. Determine a cylinder containing 
the upper and one of the lower spheres, and a second' 
cylinder parallel to the first cylinder and containing the 
third sphere. 

The horizontal trace of required plane can now be 
drawn in proper position as a tangent to the two ellipses 
which are the horizontal traces of the cylinders. 

' The tangent lines on the cylinders can be shown by 
drawing generatrices from the tangent points of the ellipses. 

The tangent points on the spheres by drawing perpen- 
diculars to the tangent plane from their centres. These' 
points are fixed where the projections of the perpendiculars 
to the plane are cut by the tangent generatrices. 

25. Plan and elevation of a right pentagonal pyramid 
under the following conditions : — Plane of faceYP^B inclined 
50® to horizontal, and 75° to verticcU planes, one long edge VA 
of f cue inclined 25° and lowest comer y A, i inch above the 
horizofital plane,' Other dimensions at pleasure. 

(i) Determine angle a between the base and one of 
the faces. 

(2) Determine the face VAB lymg in a plane in- 
clined 50° to horizontal and 75° to vertical planes. Chapter 
III. Probs. 7 and 19. 
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(3) Determine a plane containing the edge AB of the 
face VAB and inclined to the plane of that face at the 
angle o. Chapter iii. Prob, 15, converse, 

(4) 'Construct' the plane determined in (3), and on 
the edge AB contained therein describe the pentagonal 
base of the given pyramid. Determine the projections of 
the base and join ahcde^ plans of the comers of the base, 
with z/, and a'b'c'd'e' with v\ for the complete projections of 
the solid. 



26. A triangle ABC is the base of a pyramid whose 
vertex is V. AB = 5 inches; BC « 4 inches ; C A = 3 inches. 
The angle AYB = 60'] BVC = 45"; CVA = 40°. 

Find the plan of the point V and its height above the base. 

This problem is a simple case of the intersection of 
surfaces of revolution, 

(i) Draw the triangle ABC, and on AB describe a 
segment of a circle containing an angle of 60°, on BC one 
containing an angle of 45^ and on CA a third containing 
an angle of 40°. Euclid, Book iii. Prop. 33. 

If the segments be supposed to rotate about the lines 
AB^ BC, CA as axes, surfaces of revolution will be gene- 
rated the common intersection of which will determine V. 

(2) Find the intersection of any two of these surfaces. 
To do this : — let AB and BC h^ the two axes of the 
surfaces whose intersection we require. From B describe a 
circle with any radius cutting the segment described on AB 
in/, and the segment on ^C in q. 

E.G." 10 
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If the segment on AB revolve about that line as an 
axis, the point / will describe a circle in a plane perpen- 
dicular to AB, The plan of the locus of / is, therefore, 
a straight line drawn from / at right angles to AB and pro- 
duced to an equal distance on the other side of that axis. 
The locus of/ itself is a circle, and may be regarded as the 
base of a cone with generatrix equal to Bpy and axis in the 
Hne AB. 

Similarly the plan of the locus of q will lie in the 
perpendicular from q to BCy and the real locus may be 
considered th6 base of a cone with generatrix = ^^«=^/. 

The point of intersection of the plans of the loci is a 
point in the plan of the intersection of the two surfaces. 
That this is the case the student can satisfy himself by 
noting that the point is the plan of the intersection of the 
circular bases of cones whose generatrices are equal. Or, 
the point B may be considered as the centre of a sphere 
radius = Bq = Bpy and the loci of/ and q plane sections of 
this sphere. 

In like manner any number of points may be found in 
the plan of the intersection and the latter line.drawn through 
them. 



(3) Find the intersection of the third surface with one 
N of the foregoing. The point where the plans of the two 
intersections cross is the plan of the vertex K 

It may be remarked that there are two points answering 
to J^— one above, and one below the plane of the triangle 
ABQ — The latter is neglected. 
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(4) Complete plan by drawing lines from v X.o A^ B 
and C, and find the height of V. To do this: — draw a line 
from V at right angles to (say) AB and produce it to meet 
the segment on this line at the point x. 

Then Bx will be the real length of the edge of which vB 
is the plan, from which data the height of Fcan be at once 
determined. 



10 — 2 



XII. 



SPHERICAL TRIANGLES. 

Case I. 

Given the three sides sl, b andc; to determine the three 
angles A, B and C. 

Note. In 'spherical triangles* the angles A^ B, and C 
are those which are opposite to the sides a, d, and c, each 
to each ; namely A to a, B to d, and C to c. 

Let the three sides be developed on the horizontal plane 
of one of them, viz., d. 

Take a plane of elevation xy at right angles to O/, the 
common edge of the sides e and ^; and let it meet the 
second edge of side c in point P^ and cut 0/ in e and Om 
in f. 

Make OP^ on the second edge oia equal to OP^; since 
OP^ and OP^ are really the same line, viz., the common 
edge of sides c and a. 

Then eP^ ^^fP\ are the sections of the three sides by 
the plane xy. 

Construct this section ep'f^ in this plane; taking the 
centre e and radius eP^ and centre / and radius y/\, and 
describing arcs intersecting in /' : join p'e and p'f. Then /, 
the plan of P^ is determined in xy from /', and Op is the 
plan of the edge OP on the plane of b. Angle p'ef is the 
angle A. The plane through / at right angles to Otn gives 
the angle C, And the third angle B is determined by a 
plane through jP, in space, at right angles to the third edge 
OP^ in space, by Problem 15, Chap. iii. Im is the horizontal 
trace of this plane, which is that of the profile angle of B. 



SPHERICAL TRIANGLES. 



149 



Case I. 



Given tc, and- eg 
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Case II. 

Given the sides a, b, and the angle C: to determine A, B 
andc. 

Let the side a be developed on the horizontal plane of 
b\ and since the angle C between these sides is known, a 
plane xy at right angles to their intersection Om exhibits 
this angle pfp') fp* being the vertical trace of the side a^ the 
length j$>' being made equal to/jPi, / in ^ determined from 
/' gives Op^ which produced is the indefinite plan of the 
third edge OP on the plane of b, A plane through p at 
right angles to the edge 01 gives the angle Ay and enables 
us to 'construct' the third side c about 01 its horizontal 
trace. A plane through P in space, and at right angles to 
the edge OP in space, and having Im for its horizontal trace, 
will determine the profile angle of B, 
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Case II. 



Given cl, t ojid C, 
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Case III. 

Given the angles B and C and side a, that iSy two angles y 
and their adjacent side: to determine the angle A and the sides 
b and c. 

On the horizontal plane take the side «, of which (9/, 
Om are the edges. 

Take the plane xy at right angles to 01. 

The vertical trace of the side c on this plane forms the 
angle B with xy^ which angle being known this trace can 
be drawn. 

On a plane x^y^^ at right angles to Otn^ the vertical trace 
of side b forming the known angle Cwith x^y^ can be drawn. 

By the aid of the elevation on xy determine the vertical 
trace of side c on plane x^^\ the two vertical traces on the 
latter plane intersect in a point /', whence / is found in 
x^^ and ii' is a point in the third edge Oly of which draw 
the indefinite //d:« 01, 

The faces b and c can now be readily * constructed' on 
the plane of a by rotation on Om and 01 respectively. 
Angle A is found by Problem 15, Chapter in. as before, by 
a plane through point F ox I and perpendicular to 01. 



SPHERICAL TRIANGLES. 



153 



Case III. 



Given B, C ancC a. 
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Case IV. 

Given two sides a and b, and the angle A {f?iat is, two 
sides, and an angle opposite to one of them): to determine the 
angles B and C, and side c. 

Assume the given side b on the horizontal plane, edges 
^/and Om and side a 'constructed' into that plane about 
Om. 

On plane xy at right angles to 01 make the given angle 
A with xy, the second line of this angle is the vertical trace 
of side c on this plane. 

On a second plane x^^ assumed at right angles to Om 
determine the vertical trace ep* of the side c by the aid of 
the former elevation : cut this trace in /' by the circular 
arc described on plane x^^ by point P^ on tiie third edge : 
join p% it is the vertical trace of side a) obtain/ in x^^i 
then pp' is a second point determined in the third edge 
OP of the spherical triangle. Draw the indefinite plan Op 
and obtain the third angle B as before by Problem 15, 
Chapter iii. 
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Case IV. 



Giren a, t and A 
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Case V. 

Given angles B and C and a side b opposite to one of them : 
to determine sides a and c, and the third angle A. 

Let the side b be drawn on the horizontal plane, and 
revolved about its edge Om until it makes the angle C with 
that plane. 

The indefinite Voi'tfp' will then be the vertical trace of 
side b on the plane xy of the profile angle of C\ which is, 
of course, perpendicular to Om : and fp' on this trace, 
taken equal to /Py^ gives the elevation /' of a point P in 
the second edge of side b. p in xy^ obtained from /', 
determines the pointy' in this second edge: and Op is 
ih^plan of that edge. 

Determine a plane to contain the line OP^ in space, 
just found, and inclined at the known angle oiBy by Problem 
9, Chapter in. : Oly the horizontal trace of this plane, is the 
third edge of the required spherical triangle. 

The side c can now be 'constructed' on the plane of a 
about Ol. The angle A may be determined as before, by a 
plane at right angles to OP through point P, 
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Case V. 



CivBn B, a and h. 
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Case VI, 

Given the three armies A, B and C •' to determine the three 
sides a,, b and c. 

If the dihedral angle C has one face in the horizontal 
plane, the traces of the other face can be readily drawn; 
and of these the horizontal trace is an indefinite edge of the 
required spherical triangle. 

A third plane making the angle of A with its horizontal, 
and of i8o-^ with the inclined plane, determined by 
Problem 26, Chap, iii., will complete the required spherical 
triangle. The intersections 01, OP of this third plane with 
the planes of the angle C form the second and third edges of 
the spherical triangle. The face d will thus be determined 
in the horizontal plane ; into which the remaining faces a 
and c can be * constructed ' about their respective edges or 
horizontal traces in the face d. 
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Case VI. 



Given A. B imd C. 




XIII. 



ISOMETRIC PROJECTION. 



In Isometric Projection solid bodies the chief planes of 
which are mutually at right angles are so represented, that 
from one drawing, a plan, the principal measurements as to 
length, breadth, and height can be obtained. 

The solid, the cube for instance, is to be so placed that 
the three planes which meet together at one comer are 
equally inclined to the horizontal plane, the plane of pro- 
jection. The three lines which meet at that comer will 
then be projected so as to form three equal angles of 120° 
each, and will be the plans of the three edges of the cube. 
The plans of the opposite edges will be parallels to these, 
and hence it follows that in Isometric Projection all angles 
which are in reality right angles are projected into angles 
of either 120® or 60°. 

Commence therefore an Isometric problem by drawing 
three lines, making angles of 120" with one another, for the 
plans of the three lowest edges of the solid. 

Then constmct an Isometric scale, so as to be able to 
find the Isometric lengths of the required edges; measure 
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these, when found, on the lines drawn for their plans, and 
complete the problem by parallels. 

To construct an Isometric scale. It is known that the 
relation of a line to its Isometric projection is as /,y3 to tj2. 
Two lines must therefore be drawn in this relation. For 
this purpose take any line, say an inch, and at one end of 
it, erect a perpendicular of the same length, and join the 
ends. The square on the hypothenuse of this right-angled 
triangle will be equal to the sum of the squares on the two 
sides containing the right angle, i. e. in this case to 2 square 
inches, wherefore the hypothenuse itself represents ^2. If 
from one end of this line representing ^2 a perpendicular 
of I inch is erected, and this triangle completed, this hypo- 
thenuse by similar reasoning will represent ^Jt^, We now 
have two lines representing ^2 and ^3 in required relation 
for the scale, and if the real lengths of edges be measured 
along ^3 and perpendiculars dropped from their ends to 
^2, the parts thereby intercepted will be the Isometric plans 
of the required edges* 

I. 

Isometric Projection of a brick ^ ^by ^*<^ by ^ inches, to half 
sccUe. 

IL 

Your instrument case, with the lid (1) half open, and {2) 
open to its fullest extent^ to a convenient scale, 

III. 
Your T square, to a convenient scale, 

E. G. II 
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IV. 
To determine the Isometric Projection of a given circle. 

(i) Describe the circle and circumscribe it with a 
square. 

(2) Join the diagonals of this square. Join also the 
points where these diagonals cut the circle, thus inscribing a 
square in the circle. 

(3) Determine the Isometric Projection of this plane 
figure, i.e. of these two squares. 

(4) Then the required Isometric Projection of the 
given circle will be the ellipse drawn passing through the 
centres of the projections of the four sides of the larger or 
circumscribed square — arid will have the Isometric pro- 
jections of the diagonals of the smaller or inscribed square 
for its major and minor axes. 

Note. That the semi-axes of the ellipse and the Iso- 
metric-radius (as it is termed, i. e. the line from the centre 
to a tangent-point of the curve) are in the proportion of 
n/3 ' ^/^ • ^/2 to one another. 

V. 

A square blocks edge 4 inches^ thickness i inch^ with a 
circular hole^ diameter 3 inchesy through the centre. Give the 
Isometric scale, 

VI. 

The arches of a viaduct are 40 feet wide and semicircular. 
The piers are 6 feet thick, and ^ofeet high to the springing of 
the arch. The width of the viaduct is 2^ feet. 

Scale 10 feet to i inch. 



NOTE ON THE PROJECTION OF SHADOWS. 



Light travels in straight lines, called rays^ which are 
parallel, divergent, or convergent, according to the source 
from whence the light proceeds and the media through 
which it has passed. 

The sun's rays are sensibly parallel ; rays from the electric 
light are divergent, and, for all practical purposes, may be 
considered as diverging from a point; while rays of light 
which have passed through a double convex lens converge 
towards a point ox focus > 

If an opaque body be placed between a source of light 
and the object or objects illuminated, some of the rays will 
be received upon the interposed body and will, conse* 
quently, be cut off from illuminating certain parts of the 
objects beyond. Popularly the opaque body would be said 
to throw or cast a shadow. There is, however, an ambiguity 
in the term shadow as commonly employed, which it is 
convenient at times, when treating of the projection of 
shadows, to avoid by suitable nomenclature. 

A moment's consideration of the subject will suffice 
to show that when the light from a given source is partly 
intercepted by an opaque body, there is carved as it were 
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out of the surrounding bundle of luminous rays a well- 
defined core of darkness, the surface of which derives its 
configuration from the interposed body. To the surface 
which separates this core from the surrounding rays of light, 
the term shadow-surface will be given. The line of intersec- 
tion of the shadow-surface with the plane or objects it meets, 
is plainly the boundary of the shadow cast upon those objects 
by the interposed body, and, in order to avoid unnecessary- 
circumlocution when referring to this line, it will be denomi- 
nated the shadow-trace. 

Prom these considerations it is apparent that the problem 
for the student in any given case, is to find the shadow- 
surface and its intersection with the surfaces on which the 
shadow is cast. Sometimes the shadow-surface is treated as 
the boundary of a definite solid, at others a convenient 
number of lines are drawn in the surface, and their intersec- 
tions found with the plane or objects on which the shadow 
falls; but in both cases the problem is one of the "Intersec- 
tion of Solids," or of " Sections by Oblique Planes." 

It must be noted that the shadows we deal with are 
purely geometrical and their boundaries or trcues are sharp 
distinct lines. Those actually seen in nature, called physical 
shadows^ are more or less hazy about the region of the 
shadow-trace, due partly to light diffused from surrounding 
objects and partly to the formation oi 2i penumbra — a fringing 
semi-shadow, which makes its appearance when the source 
of light has any appreciable angular magnitude. 

I. Shadows cast by parallel rays. 

The rays of light are in all cases represented by real 
physical lines. 
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One of the parallel rays being given by its plan and 
elevation, the shadow-surface is supposed everywhere parallel 
to the given ray and enveloping the solid whose shadow is 
to be projected. 

If the solid is a sphere, the shadow-surface is the en- 
veloping cylinder whose axis is a line drawn from the centre 
of the sphere parallel to given ray. The shadow-trace is the 
intersection of this cylinder with the plane or objects on 
which the shadow of the sphere is cast. 

If in lieu of the sphere we assume a right cone in space 
with axis oblique to co-ordinate planes, we may determine 
its shadow-surface thus : — Draw a line from vertex of cone 
parallel to given ray and determine two tangent planes to 
conic surface containing this line. The planes so drawn 
form a portion of the shadow-surface required, and, if the 
plane of the base of the cone be parallel to the given ray, 
that plane produced will intersect the two tangent planes in 
parallel lines giving rise to a triangular prism which will be 
the complete shadow-surface of the cone. The intersection 
of this prism with the plane or objects on which the shadow 
falls will give the shadow-trace as in other cases. 

If the plane of the base be not parallel to the given ray, 
suitable points in that portion of it which assists in the 
determination of the shadow-surface may be taken, and 
lines drawn through them parallel to the given ray. The 
points of intersection of these lines with the objects they 
meet are points in the shadow-trace. Generally, proper 
points being assumed in any body whatever, and lines being 
drawn therefrom parallel to given ray, the line or curve 
joining the points of intersection of the parallel lines with 
the plane or curved surfaces on which the shadow is cast 
determines the shadow-trace. In many cases a few points 



1 66 SOLID OR DESCRIPTIVE GEOMETRY. 

suffice. For example, in finding the shadow cast on the 
horizontal plane by a cube, it will be seen that the shadow- 
surface is bounded by planes parallel to the given ray con- 
taining certain edges of the solid, and that the shadow- 
trace is made up of parts of the horizontal traces of these 
planes. If therefore two lines be drawn from the extremities 
of one of these edges parallel to the given ray and their 
horizontal traces found and joined by a straight line, this 
line will be one e^t of the shadow-trace. 

For practice the student can show the shadow-trace of a 
cone on a sphere, a cylinder, a tetrahedron, cube, &c. (i) 
when the cone stands on its base, (2) when lying on its 
slant side, and (3) when its axis is oblique to both planes of 
projection. 

II. Shadows cast by rays which meet in a point. 

In this division we include the projection of shadows 
cast by rays both divergent and convergent. The former is 
the only case we shall notice inasmuch as whatever is said 
concerning the one is, with very obvious modifications, 
equally applicable to the other. 

The source of light is a point, given by its projections, 
from which the rays diverge in every possible direction. 

The shadow-surface is generated by a line passing 
through the given point and moved round the body whose 
shadow is to be projected. 

Thus, the shadow-surface of a sphere is an enveloping 
cone having its vertex in the given point The shadow- 
trace will be determined in any given case by the methods 
specially applicable to the intersection of a cone and the 
particular solid or plane on which the shadow is cast 
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Jf the cone selected as an example under parallel rays 
be taken, the work is substantially the same as there given. 
The two tangent planes to the cone which pass through the 
given luminous point will constitute a portion of the shadow- 
surface. Any required points in the shadow-trace can 
always be found by lines from the given luminous point 
touching the conic surface and produced to meet the objects 
on which the shadow-trace falls. 

The shadow-surface of a solid bounded wholly by plane 
figures will be a more or less irregular pyramid having its 
vertex in the luminous point The plane faces of this 
pyramid will contain certain of the edges of the solid whose 
shadow has to be projected, and in this case, as in the case 
with parallel rays, the work may sometimes require that two 
lines only be drawn from the point — one through each ex- 
tremity of an edge— to determine one side of the shadow- 
trace. 

As examples for practice the shadow of a sphere may be 
cast on a cone, another sphere, a cylinder or a pyramid. 



CAMBRIDGE: PRINTED BY C.J. CLAY, M.A. AT THE UNIVERSITY PRESS. 



SefUmier, 18741 1 

j4 Catalogue of Educational Books, 
Published by Macmillan and Co., 
Bedford Street .^ Strand, London. 

CLASSICAL. 

iBschyluS.^THE EUMENIDES. The Greek Text, with Intro, 
duction, English Notes, and Verse Translation. By Bernard 
Drakr, M.A.. late Fellow of King's College, Cambridge. 8vo. 

The Greek textadapUdin this EdUion is based upon that of Wellauer. 
** A most useful feature in the VHfrk is the Analysis of Muller^s cde- 
drated dissertations."— BRITISH Quarterly Review. 

Aristotle. — an introduction to aristotle's 

RHETORIC. With Analysis, Notes, and Appendices. By E 
M. Cope, Fellow and Tutor of Trinity Coll. Cambridge. 8va 14;. 

ARISTOTLE ON FALLACIES; OR, THE SOPHISTICI 
ELENCHI. With Translation and Notes by E. Poste, M. A., 
Fellow of Oriel College, Oxford. 8vo. Ss. 6d. 
**Jt is not only scholarlike and carepil, it is also perspicuous" — 
Guardian. 'M work of great skili."— Saturday Review, 

Aristophanes.— THE BIRDS. Translated into English Verse, 
with Introduction, Notes; and Appendices, by B. H. Kennedy, 
D.D., Regius Professor of Greek in the University of Cambridge. 
Crown 8vo. 6s, 
"il/y wish" says the author^ "has been to produce a translation of 

* The Birds * which may he agreeable to the tcute of English readers. 

For this purpose I have chosen English mitres" 

Blackie.— GREEK AND ENGLISH DIALOGUES FOR USE 

IN SCHOOLS AND COLLEGES. By John Stuart Blackie, 

Professor of Greek in the Univ. of Edinburgh. Fcap. 8vo. 2s» 6d, 

^' Why should the old practice of conversing in Latin and Greek be 

altogether discarded f" — Professor Jowett. 

The present little volume furnishes a series of twenty-five graduated 

dialogues in parailel columns of Greek and English on a great variety of 

' interesting subjects, 

Cicero. — the second philippic oration, with 

Introduction and Notes. From the German of Karl Halm. 

Edited, with Corrections and Additions, by John £. B. Mayor. 

M.A., Fellow and Classical Lecturer of St John's CoUege, 

Cambridge. Fourth Edition, revised. Fcap. 8vo. 5^. 
' *' On the whole we have rardy met with an edition of a classical 
author which so thoroughly fulfils the requirements of a good school 
Aw^."— Educational times. 

iSfOOO, 9, X874. A 



2 EDUCATIONAL BOOKS. 

Cicero — continued, 

THE ORATIONS OF CICERO AGAINST CATILINA. With 
Notes and an Introduction. From the German of Ka&l Halm, 
with additions by ^. S. Wilkins, M. A., Owens Collie, Man- 
' Chester. New Edition. Fcap. 8vo. 3^. 6d. 

THE ACADEMICA OF CICERO. The Text revised and explwned 
by James Reid, M.A., Assistant Tutor and late Fellow of 
Christ's College, Cambridge. Fcap. 8vo. 41. 6d. 
T*he Notes have Seen written tkraughoHt with a practical. reference to the 

needs of junior students^ with a view to the final Classical Examina' 

tion/or Honours at Oxford and Cambridge. 

Demosthenes.— ON the crown, to which is prefixed 
iESCHINES AGAINST CTESIPHON. The Greek Tert with 
English Notes. By B. Drakb, M.A., late Fellow of King's 
College, Cambridge. FifUi Edition. Fcap. 8yo. Sx. 
^' A neat and useful edition,** — ^ATHXNiBUM. 

Greenwood.— THE elements of greek grammar, 

induding'Accidence, Irr^[ular Verbs, and Principles of Derivation 
and Composition ; adapted to the System of (Jrude Forms. Bv 
L G. Greenwood, Principal of Owens Coll^^e, Manchester. Fifth 
Edition. Crown 8vo. 5^. 6d, 

Hodgson.— MYTHOLOGY FOR LATIN VERSIFICATION. 
A brief Sketch of the Fables of the Ancients, prepared to be 
rendered into Latin Verse for Schools. By F. Hodgson, B.D., 
late Provost of Eton. New Edition, revised by F. C. Hodgson, 
M.A. i8ma 3j. 

Homer's Odyssey.— the narrative of odysseus. 

With a Commentary by John E. B. Mayor, M.A., Kennedy 
Professor of Latin at Cambridge. Part I. Book IX. — XII. Fcap. 
8vo. 3j. 

Horace.— THE WORKS of Horace, rendered mto English 

Prose, with Introductions, Running Analysis, and Notes, by 

James Lonsdale, M.A, and Samuel Lee, M.A. Globe 8vo. 

3^. 6d. ; gilt edges, 4;. 6d, 

'* Beyond all comparison^ the most accurate and trustworthy of all 

translation. " — English Churchman. 

THE ODES OF HORACE IN A METRICAL PARAPHRASE. 
By R. M. Hovenden, B.A., formerly of Trinity College, Cam- 
bridge. Extra fcap. 8vo. 41. (>d. 

JuvenaL— THIRTEEN SATIRES OF JUVENAL. With a 

Commentary. By John E. B. Mayor, M.A., Kennedy Professor 

of Latin at Cambridge. Second Edition, enlarged. Vol. I. Crown 

8vo. 7^. 6d, Or Parts I. and II. Crown 8vo. 3^. 6d, each. 

*'A painstaking and critical edition," —Svectatok, ** For really 

ripe scholarship^ extensive acquaintance with Latin literature^ and 

familiar knowledge of continental criticism, ancient and modern^ i$ is 

unsurpassed among En^ish editions," — Edinburgh Review. 



CLASSICAL. 



Marshall.— A table of irregular greek verbs, 

classified accordiog to the arrangement of Cuztius* Greek Grammar. 
By T. M. Marshall, M. A., Fellow and late Lecturer of Brasenose 
College, Oxford ; one of the Masters in Clifton College. 8vo. 
doth. New Edition, u. 
The system of this table has been borrowed Jrom the excellent Greeh 
Grammar of Dr, Curtius, 

Mayor (John E. B.)— FIRST GREEK reader. Edited 

after Ka&l Halm, with Corrections and large Additions by John 

E. B. Mayos, M.A., Fellow and Classical Lecturer of St John's 

CoU^e, Cambridge. New Edition, revised. Fcap. 8va 41. 6d, 

A seUcUon of short passages^ serving to illustrate especially the Greeh 

Accidence, Unrivalled in the hold which its pithy sentences are likely 

to take on the memory^ and for the amount of true scholarship em^ 

bodied ik the annotations J* — Educational Times. 

Mayor Joseph B.)— GREEK FOR BEGINNERS. By the 
Rev. J. B. Mayor, M.A., Professor of Classical Literature in 
King's College, London. Part I., with Vocabularjj^ is, 6d, Parts 
II. and III., with Vocabulary and Index, 3J. 6d.f complete in one 
vol. New Edition. Fcap. 8vo. cloth, 4?. 6d. 
" We know of no book of the same scope so compete in itsdfy or so well 

eaJaUated to make the study of Greek interesting at the very com' 

mencement.*^ — Standard. 

Nixon. — PARALLEL EXTRACTS arranged for translation into 
English and Latin, with Notes on Idioms. By J. E. Nixon, 
M.A., Classical Lecturer, King's College, London. Part I. — 
Historical and Epistolary. Crown 8vo. 3J. 6d, 

Peile (John, M.A.)— an introduction to greek 

AND LATIN ETYMOLOGY. By John Peile, M. A. , Fellow 
and Assistant Tutor of Christ's College, Cambridge, formerly 
Teacher of Sanskrit in the University of Cambridge. New and 
Revised Edition. Crown 8vo. iolt. od, 
" A very valiMble contribution to the settnce of language,^^ — Saturday 
Review. 

Plato.— THE REPUBLIC OF PLATO. Translated jnto English, 
with an Analysis and Notes, by J. Ll. Davies, M.A.,and D. J, 
Vaughan, M.A. Third Edition, with Vignette Portraits of Plato 
and Socrates, engraved by Jeens from an Antique Gem. i8mo. 
4;. 6d, 
An introductory notice supplies some account of the life of PlatOy and 

the translation is preceded by an elaborate analysis, '*A book which 

any readerf whether acquainted tvith the original or not^ can peruse with 

pleasure as well as proft," — Saturday Review. 

PlautUS.— THE MOSTELLARIA OF PLAUTUS. With Note«, 
Prolegomena, and Excursus. By William Ramsay, M.A., for- 
merly Professor of Humanity in the University of Glasgow, 
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Edited by Professor George G. Ramsay, M.A., of the University 

of Glasgow. 8vo. I4r. 
" The fruits of thai exhaustive research and that ripe and wdl-digested 
scholarship which its author brought to bear upon everything that he 
undertook are visible throughout.** — Pall Mall Gazette. 

Potts, Alex. W., M.A.— HINTS towards latin 

PROSE COMPOSITION. By Alex. W. Potts, M.A., late 

Fellow of St John's College, Cambridge ; Assistant Master in 

Ru|^by School ; and Head Master of the Fettes College, Edinburgh. 

Third Edition, enlarged. Extra fcap. 8vo. doth. 3 j. 

An attempt is here made to give students^ after they have mastered 

ordinary syntactical rules^ some idea of the characteristics of Latin Prose 

and the means to be employed to reproduce them. The Globe cha- 

racttrises it cu "an admirable little booh which teachers fif Latin will 

find of very great sendee. " 

Roby.— A GRAMMAR OF THE LATIN LANGUAGE, from 
Plautus to Suetonius. By H. J. Rosy, M. A., late Fellow of St 
John's College, Cambridge. In Two Parts. Part I. containing : — 
%ook I. Sounds. Book II. Inflexions. Book III. Word-forma- 
tion. Appendices. Second Edition. Crown 8vo. 8x. 6d, Part 
II. — Syntax, Prepositions, &c. Crown 8vo. los. 6d. 
** Marked by the clear and practised insight 0/ a master in his art, A 

book that would do honour to any country," — ^ATHBNiEUM. 

Rust.—FIRST STEPS TO LATIN PROSE COMPOSITION. 
By the Rev. G. Rust, M.A. of Pembroke College, Oxford, 
Master of the Lower School, King's College, London. New 
Edition. i8mo. is. 6d, 

Sallust.— CAH SALLUSTII CRISPI CATILINA ET JUGUR- 

THA. For Use in Schools. With copious Notes. By C. 

Merivale, B.D. New Edition, carefully revised and enlaiged. 

Fcap. 8vo. 4;. 6d. Or separately, 2s. 6d, each. 

*'A very good edition, to which the Editor has not only brought scholar^ 

ship but u^ependent judgment and historical criticism.** — Spectator. 

Tacitus.— THE HISTORY OF TACITUS TRANSLATED 

INTO ENGLISH. By A. J. Church, M.A., and W. J. 

Brodribb, M.A. With Notes and a Map. New and Cheaper 

Edition. Crown 8vo. 6s. 
**A scholarly and faithjul translation."—Sv^CT ATOR. 
TACITUS, THE AGRICOLA AND GERMANIA OF. A Revised 

Text, English Notes, and Maps. By A. J. Church, M.A., 

and W. J. Brodribb, M.A. New Edition. Fcap. 8vo. 3^. 6^. 

Or separately, 2s. each. 
** A model of careful editing, being at once compact, complete, and 
correct^ as well as neatly printed and elegant in style.** — ATHENiEUM. 
THE AGRICOLA AND GERMANIA. Translated into English 

by A. J. Church, M.A., and W. J. Brodribb, M.A. With 

Maps and Notes. Extra fcap. 8vo. 2s. 6d, 



CLASSICAL. 



* ' At once readable and exact ; may be perused with pleasure by aU^ and 
consulted with advantage by the classical student.' — ATHENiGUM. 

Theophrastus. — THE characters of theo- 

PHRASTUS. An English Translation from a Revised Text. 

With Introduction and Notes. By R. C. Jsbb, M.A., Public 

Orator in the University of Cambridge. Extra fcap. 8vo. 6s, 6d. 

*' Mr. Jebb*s translation is as good as translation can be ... . Not 

less commendable are the execution of the Notes and the critical handlim^ 

of the Tbc^."— Spectator. " A very handy and icholarl^ edition of a 

worh which till now has been beset ztnth hindrances and dtficulties, but 

which Mr, yebb's critical skill and judgment have at length placed within 

the grasp and comprehension of ordinary readers.^* — Saturday Review. 

Thring.— Works by the Rev. E. THRING, M.A., Head Master 
of Uppingham School. 

A LATIN GRADUAL. A First Latin Construing Book for 
Beginners. New Edition, enlarged, with Coloured Sentence Maps. 
Fcap. 8vo. 2s. td. 

A MANUAL OF MOOD CONSTRUCTIONS. Fcap. 8vo. is. 6d. 
" Vefy well suited to young students.** — Educational Times. 

A CONSTRUING BOOK. Fcap. 8vo. 2s. 6d. 

Thucydides.— THE SICILIAN expedition. Being Books 

VL and VII. of Thucydides, with Notes. New Edition, revised 

and enlarged, with Map. By the Rev. Percival Frost, M. A., 

late Fellow of St John's College, Cambridge. Fcap. 8vo. 5^. 

This edition is mainly a grammatical one, ** The notes are excellent 

of their kind. Mr. Frost sddom passes over a difficulty, and what 

he says is always to the point.**— EDVCATlonAh TiiAES. 

VirgiL— THE WORKS OF VIRGIL RENDERED INTO 

ENGLISH PROSE, with Notes, Introductions, Running Analysis, 

and an Index, by James Lonsdale, M.A. and Samuel Lee, 

M. A. Second Edition. Globe 8vo. 3^. 6d. ; gilt edges, 4s. 6d, 

The original has been faithfully rendered, and paraphrcue aitogethtr 

avoided. At the same time, the translators have endeavoured to adapt 

the book to the use of the English reader. ** A more complete edition of 

Virgil in English it is scarcely possible to concavethan the scholarly work 

before im,"— Globe. 

Wright.— Works by J. WRIGHT, M.A., late Head Master of 

Sutton Coldfield School 
HELLENICA ; OR, A HISTORY OF GREECE IN GREEK, as 

related by Diodorus and Thucydides ; being a First Greek Reading 

Book, with explanatonr Notes, Critical and Historical Third 

Edition, with a Vocabulary. i2mo. y, 6d. 
*'A good plan well executed.** — Guardian. 
A HELP TO LATIN GRAMMAR ; or, The Form and Use of Words 

in Latin, with Progressive Exercises. Crown 8vo. 4^. fid. 
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Wright — continued, 

THE SEVEN KINGS OF ROME. An E^y Narrative, abridged 

from the First Book of Livy by the omission of Difficult Passages ; 

being a First Latin Reading Book, with Grammatical Notes. 

Fifth Edition. Fcap. 8vo. y. With Vocabulary, 3^. dd. 
*' The Notes are abundant, explicit^ and full of such grammaHcal and 
other information as boys require" — AxHENiBUM. 
FIRST LATIN STEPS; OR, AN INTRODUCTION BY A 

SERIES OF EXAMPLES TO THE STUDY OF THE 

LATIN LANGUAGE. Crown 8vo. 5^. 
ATTIC PRIMER. Arranged for tVie Use of Beginners. Extra fcap. 

8vo. 4J. 6d. 

MATHEMATICS. 

Airy. — Works by Sir G. B. AIRY, K.C.B., Astronomer Royal :— 
ELEMENTARY TREATISE ON PARTIAL DIFFERENTIAL 
EQUATIONS. Designed for the Use of Students in the Univer- 
sities. With Diagrams. New Edition. Crown 8vo. cloth. 
5^. 6d, 

ON THE ALGEBRAICAL AND NUMERICAL THEORY OF 
ERRORS OF OBSERVATIONS AND THE COMBINA- 
TION OF OBSERVATIONS. Crown 8vo. cloth. 6^. 6d, 

UNDULATORY THEORY OF OPTICS. Designed for the Use ol 
Students in the University. New Edition. Crown 8vo. cloth. 
6^. 6d, 

ON SOUND AND ATMOSPHERIC VIBRATIONS. With the 
Mathematical Elements of Music Designed for the Use of Students 
of the University. Second Edition, Revised and Enlarged. 
Crown 8vo. 9^. 

A TREATISE OF MAGNETISM. Designed for the use of 
Students in the University. Crown 8vo. 9^. 6<f. 

Airy (Osmund).— A TREATISE ON GEOMETRICAL 

OPTICS. Adapted for the use of the Higher Classes in Schools. 

By Osmund Airy, B.A., one of the Mathematical Masters in 

Wellington College. iExtra fcap. 8vo. 3^. 6d, 

** Carefully and lucidly written, and rendered as simple as possible by 

the use in all cases of the most dementary form of investigcUumJ* — 

ATHENiEUM. 

Bayma.— THE ELEMENTS OF MOLECULAR MECHA- 
NICS. By Joseph Bayma, S.J., Professor of Philosophy, 
Stonyhurst College. Demy 8vo. cloth, los, td, 

Beasley.— AN elementary treatise on plane 

TRIGONOMETRY. With Examples. By R. D. Bkasley, 
M.A., Head Master of Grantham Grammar School. Fourth 
Edition, revised and enlarged. Crown 8vo. cloth. ^. fid. 
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Blackburn (Hugh).— elements of plane 

TRIGONOMETRY, for the use of the Junior Class of Mathematics 
in the University of Glasgow. By Hugh Blackburn, M.A., 
Professor of MaUiematics in the University of Glasgow. Globe 
8vo. is. 6^. 

Boole. — Works by G. BOOLE, D.C.L., F.R.S., Professor of 
Mathematics in the Queen's University, Ireland, 

A TREATISE ON DIFFERENTIAL EQUATIONS. New and 

Revised Edition. Edited by I. Todhuntbr. Crown 8vo. doth. 

14J. 
"^ treatise incomparably superior to any other elementary book on 
the same subject ,with which we are acquatnied,^^ — Philosophical 
Magazine. 
A TREATISE ON DIFFERENTIAL EQUATIONS. Supple- 

mentary Volume. Edited by I. Todhuntbr. Crown 8vo. cloth. 

S/. 6^ 
T%is volume contains all that Professor Boole wrote for the purpose of 
enlarging his treatise on Differential Equations, 

THE CALCULUS OF FINITE DIFFERENCES. Crown 8vo. 
doth. loj. 6^. New Edition, revised by J. F. Moulton. 
^^ As an original book by one of the first mathematicians of the 
agCj it is out of all comparison with the mere second-hand compilations 
which have hitherto been alone accessible to the student" — Philosophical 
Magazine. 

Brook -Smith (J.)— arithmetic in theory and 

PRACTICE. By J. Brook-Smith, M.A., LL.B., St John's 

College, Cambridge; Barrister-at-Law ; one of the Masters of 

Cheltenham College. New Edition, revised. Complete, Crown 

8vo. 4J. 6d, Part I. 3^. 6d, 

" A valuable Manual of Arithmetic of the Scientific kind. The best 

we have seen,*^ — Literary Churchman. ** An essentially practical 

book^ providing very definite help to candidates for almost every kind 

of competitive examinatton,** — British Quarterly. 

Cambridge Senate-House Problems and Riders, 

with SOLUTIONS :— 

iS48-i85i.— PROBLEMS. By Ferrers and Jackson. 8vo. 

cloth. 1 5 J. 6d, 
184S-1851.— RIDERS. By Jameson. 8vo. doth. 7 j. 6</. 
1854.— PROBLEMS AND RIDERS. By Walton and 

Mackenzie. 8va doth. lof. 6d, 
1857. — PROBLEMS AND RIDERS. By Campion and 

Walton. 8vo. doth. 8j. 6d, 
i860.— PROBLEMS AND RIDERS. By Watson and Routh 

Crown 8vo. doth. 7J-. 6d, 
1864.— PROBLEMS AND RIDERS. By Walton and WiL- 

KINSON. 8vo. doth. lOf. td. 
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CAMBRIDGE COURSE OF ELEMENTARY NATURAL 
PHILOSOPHY, for the Degree of B. A. Ori^naUy compfled by 
J. C. Snowball, M.A., kte Fellow of St JoWs College. 
Fifth Edition, revised and enlarged, and adapted for the Middle- 
Class Examinations by Thomas Lund, B.D., Late Fellow and 
Lecturer of St John's College, Editor of Wood's Algebra, &c 
Crown 8vo. doth. 5x. 

CAMBRIDGE AND DUBLIN MATHEMATICAL JOURNAL. 
The Complete Work, in Nine Vols. 8vo. doth. 7/. 4jr. 
Only a few copies remain on hand* Amon^ the Contributors wiU 
be found Sir W. Thomson^ Stokes, Adams, Boole, Sir IV, R. Hamilton, 
De Morgan, CayUy, Sylvester, Jellctt, and other distinguished maihe- 
m€iticians» 

Candler.— HELP to arithmetic. Designed for the use of 
Schools. By H. Candler, M.A., Mathematical Master of 
Uppingham School Extra fcap. 8vo. 2J. 6d* 

Cheyne.— Works by C. H. H. CHEYNE, M.A., F.R.A.S. 

AN ELEMENTARY TREATISE ON THE PLANETARY 

THEORY. With a Collection of Problems. Second Edition, 

Crown 8vo. doth. 6s, 6d, 

THE EARTH'S MOTION OF ROTATION. Crown 8vo. 
y, 6d, 

ChildC— THE SINGULAR PROPERTIES OF THE ELLIP- 
SOID AND ASSOCIATED SURFACES OF THE Nth 
DEGREE. By the Rev. G. F. Childs, M.A., Author of 
«* Ray Surfaces," " Related Caustics," &c. 8va los. 6d. 
7^ object of this volume is to develop peculiarities in the Ellipsoid; 

and, further, to establish analogous properties in the unlimited congeneric 

series of which this remarkable surface is a constituent, 

Christie.— A collection of elementary test. 

QUESTIONS IN PURE AND MIXED MATHEMATICS ; 
with Answers and Appendices on Synthetic Division, and on the 
Solution of Numerical Equations by Homer's Method. By James 
R« Christie, F.R.S., late First Mathematical Master at the 
Royal Military Academy, Woolwich. Crown 8vo. doth. %s, 6d. 

Cuthbertson— EUCLIDIAN geometry. By Francis 
Cuthbertson, M.A., late Fellow of Corpus Chnsti College, 
Cambridge; and Head Mathematical Master of the City of 
London School. Extra fcap. 8vo. 4^. 6d, 

Dalton. — Works by the Rev. T. Dalton, M.A., Assistant 

Master of Eton College. 
RULES AND EXAMPLES IN ARITHMETIC. New Edition. 

i8mo. doth. 2s. 6d, Ansvoers to the Examples are appended, 

JCULES AND EXAMPLES IN ALGEBRA. Part L i8mo. 3W. 
This work is prepared on th^ same plan as the A^rithmeti^, 
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Day. — PROPERTIES OF CONIC SECTIONS PROVED 
GEOMETRICALLY. Part I., THE ELLIPSE, with 
Problems. By the Rev. H. G. Day, M.A., Head Master of 
Sedborgh Grammar School Crown 8vo. 3^. td, 

DodgSOn. — AN ELEMENTARY TREATISE ON DETER- 
MINANTS, with their Application to Simultaneous Linear 
Equation^ and Algebraical Geometry. By Charlbs L. Dodoson, 
M.A.9 Student and Mathematical Lecturer of Christ Chuidi» 
Oxfoid. Small 4to. doth. loj. dd, 
**A valuable addition to the treatises we possess on Modem Algebra,** 

•^Educational Times. 

Drew. — GEOMETRICAL TREATISE ON CONIC SEC- 
TIONS. By W. H. Drew, M. A., St John's College, Cambridge, 
Fourth Edition. Crown 8vo. doUi. 4J. 6d, 

SOLUTIONS TO THE PROBLEMS IN DREWS CONIC 
SECTIONS. Crown 8vo. doth. 4^. 6d. 

^arnshaw (S.) — partial differential equa. 

TIONS. An Essay towards an entirely New Method of Inte- 
grating them. By S. Earnshaw, M.A., St John's College, 
Cambridge. Crown 8vo. 51. 

Edgar (J. H.) and Pritchard (G. S.)— note-book on 

PRACTICAL SOLID OR DESCRIPTIVE GEOMETRY. 
Containing Problems with hdp for Solutions. By J, H. Edgar, 
M.A., Lecturer on Mechanical Drawing at the Royal School of 
Mines, and G. S. Pritchard, late Master for Descriptive 
Geometry, Royal Military Academy, Woolwich. Second Edition, 
revised and enlarged. Globe 8vo. 3^. 

Ferrers.— AN elementary treatise on trilinear 

CO-ORDINATES, the Method of Redprocal Polars, and the 
Theory of Projectors. By the Rev. N. M. Ferrers, M. A., Fellow 
and Tutor of Gonville and Caius College, Cambridge. Second 
Edition. Crown 8va dr. 6</. 

Frost.— Works by PERCIVAL FROST, M.A., formerly FeUow 
of St John's Collie, Cambridge; Mathematical Lecturer of 
King's College. 

AN ELEMENTARY TREATISE ON CURVE TRACING. By 
Pbrcival Frost, M.A. 8vo. 12s, 

THE FIRST THREE SECTIONS OF NEWTON'S PRINCIPIA. 
With Notes and Illustrations. Also a collection of Problems, 
principally intended as Examples of Newton's Methods. By 
PxRCiVAL Frost, M.A. Second Edition. 8vo. doth. lar. 6a. 

Frost and Wolstenholme.— a treatise on solid 

GEOMETRY. By Pbrcival Frost, M.A., and the Rev. J. 
WoLSTBNHOLMB, M.A., Fdlow and Assistant Tutor of Chriist's 
College. 8vo. doth. i8x. 
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Godfray.— Works by HUGH GODFRAY, M.A., Mathematical 
Lecturer at Pembroke College, Cambridge. 

A TREATISE ON ASTRONOMY, for the Use of Colleges and 
Schools. New Edition. 8vo. cloth. 12^. 6d, 
*• A working book, taking Astronomy in its proper place in matke- 
matieai sciences, . » , A book which is not likely to be got up unintdli' 
gently. "—Guardian. 

AN ELEMENTARY TREATISE ON THE LUNAR THEORY, 
with a Brief Sketch of the Problem up to the time of Newton. 
Second Edition, revised. Crown 8vo. doth. 5x. 6d, 
" As an elementary treatise and introduction to the subject^ we think it 

may justly claim to supersede all former ones,** — London, Edin. and 

Dublin Phil. Magazine. 

Hemming.— AN elementary treatise on the 

DIFFERENTIAL AND INTEGRAL CALCULUS, for the 
Use' of Colleges and Schools. By G. W. Hemming, M.A., 
Fellow of St John's College, Cambridge. Second Edition, with 
Corrections and Additions. 8vo. doth. 9^ . 
'* There is no book in common use from which so clear and exact a 

knowledge of the principles of the Calculus can be so readily obtained^ — 

Literary Gazette. 

Jackson.— geometrical conic sections. An Elemen- 
tary Treatise in which the Conic Sections are defined as the Plane 
Sections of a Cone, and treated by the Method of Projection. 
By J. Stuart Jackson, M.A., late Fellow of Gonville and Cains 
College, Cambridge. 4;. td, 

Jellet John H.)— a treatise on the theory of 

FRICTION. By John H. Jellet, B.D., Senior Fellow of 
Trinity CoUege, Dublin ; President of the Royal Irish Academy. 
8vo. %s, 6d. 
" The work is one of great research, and will add much to the already 
great reputation of its author,^* — Scotsman. 

Jones and Cheync— algebraical EXERCISES. Pro- 

gressively arranged. By the Rev. C. A. Jones, M.A., and C. H. 
Cheyne, M.A., F. R. A. S., Mathematical Masters of Westminster 
SchooL New Edition. i8mo. doth. 2s. 6d, 

Kelland and Tait. — introduction TO QUATER- 
NIONS, with numerous examples. By P. Kelland, M.A., 
F.R.S., formerly Fellow of Queen's College, Cambridge; and 
P. G. Tait, M.A., formerly Fellow of St Peter's College, Cam- 
bridge ; Professors in the department of Mathematics in the 
University of Edinburgh. Crown 8vo. *js, 6d, 

Kitchener.— A geometrical note-book, containing 
Ea^r Problems in Geometrical Drawing preparatory to tlie Study 
of Geometry. For the Use of Schook. 1^ F. E. Kitchener, 
M. A., Mathematical Master at Rugby. New Edition. 410. 2s» 
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Morgan.— A COLLECTION OF PROBLEMS AND EXAM- 
PLES IN MATHEMATICS. With Answera. By H. A. 
Morgan, M.A., Sadlerian and Mathematical Lecturer of Jesus 
College, Cambridge^ Crown 8vo. cloth. 6j. td, 

Newton's PRINCIPIA. Edited bv Professor Sir W. Thomson 
and Professor Blackburn. 410. cloth. 31J. td, 
" Finding'* say the Editors, " that all theedUions of the Principiaar/ 
now out of prints we have been induced to reprint Newton^ s last edition 
[of 1726] without note or comment^ only introducing the * Corrigenda' of 
the old copy and correcting typographical errors. The hook is of a 
handsome size^ with large type, fine thick paper, and cleanly cut figures, 
and is the only modern edition contaimng the whole of Newton's great work. 
" Undoubtedly the finest edition of the text of the ' Principia ^ which has 
hitherto^ appeared/— Edv CATION AL Times. 

Parkinson. — Works by S. Parkinson, D.D., F.R.S., Tutor and 
Praelector of St John's College, Cambridge. 

AN ELEMENTARY TREATISE ON MECHANICS. For the 
Use of the Junior Classes at the University and the Hieher Classes 
in Schools. With a Collection of Examples. Fifth edition, revised. 
Crown 8va doth, gs, 6d, 

A TREATISE ON OPTICS. Third Edition, revised and enlarged. 
Crown 8vo. doth. lor. 6d, 

Phcar.-r-ELEMENTARY HYDROSTATICS. With Numerous 
Examples. By J. B. Phbar, M.A., Fellow and late Assistant 
Tutor of Clare Collie, Cambridge. Fourth Edition. Crown 
8vo. doth. 5^. 6d, 

Pratt.— A TREATISE ON ATTRACTIONS, LAPLACE'S 
FUNCTIONS, AND THE FIGURE OF THE EARTH. 
By John H. Pratt, M.A., Archdeacon of Calcutta, Author of 
*' The Mathematical Prindples of Mechanical Philosophy. ** Fourth 
Edition. Crown 8vo. doth. 6s. 6d. 

Puckle.— AN ELEMENTARY TREATISE ON CONIC SEC- 
TIONS AND ALGEBRAIC GEOMETRY. With Numerous 
Examples and Hints for their Solution ; especially designed ior the 
Use of Beginners. By G. H. Puckle, M.A. New Edition, 
revised and enlarged. Crown 8vo. doth. p. 6d, 
** Displays an intimate acquaintance with the difficulties likely to be 

fdt, together wUh a singular aptitude in removing than," — ATHENiCUM. 

Rawlinson. — ^elementary statics, by the Rev. George 

Rawunson, M.A. Edited by the Rev. Edward Stur6ES,M.A., 

of Emmanud College, Cambridge, and late Professor of the Applied 

Sciences, Elphinstone College, Bombay. Crown 8vo. doth. 4J. dd. 

Published under the authority of her Majesty's Secretary of State for 

India^ for use in the Government Schools and Collies in Indui, 

Reynolds.— MODERN methods in elementary 

GEOMETRY. By E. M. Reynolds, M.A., Mathematical 
Master in Clifton College. Crown 8vo.. y. td, ^ 



12 EDUCATIONAL BOOKS. 

R0Uth.~AN ELEMENTARY TREATISE ON THE DYNA- 
MICS OF THE SYSTEM OF RIGID BODIES. With 
Nnmerous Examples. By Edward John Routh, M.A.» late 
Fellow and Assistant Tutor of St Peter's College^ Cambridge; 
Examiner in the University of London. Second Edition, enlarged. 
Crown 8vo* doth. I4r. 

WORKS 
By the REV. BARNARD SMITH, M.A., 

Rector of Glaston, Rutland, late Fellow and Senior Bursar 
of St. Peter's College, Cambridge. 

ARITHMETIC AND ALGEBRA, in their Principles and Appli- 

cation ; with numerous systematically arranged Examples taken 

from the Cambridge Examination Papers, with especial reference 

to the Ordinary Examination for the B.A. Degree. Twelfth 

Edition, carefully revised. Crown 8vo. cloth, icw. dd, 

**T(f all those whose minds are sufficiently developed to comprehend the 

simplest mathematical reasonins^^ and who have not yet thoroughly 

mastered the principles of Arithmetic and Algebra^ it is calculated to 

be of great (idvantage,** — AxHENiEUM. ** Mr, Smith's work is a most 

useful publication. The rules are stated with great clearness. The 

examples are well selected^ and worked out with just sufficient detail, 

xmthout being encumbered by too minute explanations : and there prevails 

throughout it iheU fust proportion of theory and ^actice which is the 

crowninsr excellence of an elementary work?' — Dean Peacock. 

ARITHMETIC FOR SCHOOLS. New Edition. Crown 8vo. 

doth. 4J. td. Adapted from t^ie Author's work on " Arithmetic 

and Algebra." 
^* Admirably adapted for instruction, combining just sufficient theory 
with a large and well-selected collection oj exercises for practice,''* — 
Journal of Education. 

A KEY TO THE ARITHMETIC FOR SCHOOLS. Tenth 
Edition. Crown 8vo. cloth. 8x. 6d, 

EXERCISES IN ARITHMETIC. With Answers. Crown 8vo. 
limp cloth. 2s, 6d. 
Or sold separately, Part I. is, ; Part II. i^. ; Answers, 6d, 

SCHOOL CLASS-BOOK OF ARITHMETIC. i8mo. cloth. 3^ 
Or sold separately, Parts I. and II. 10^. each; Part III. i^. 

KEYS TO SCHOOL CLASS-BOOK OF ARITHMETIC. Com- 
plete in one volume, i8mo. cloth, dr. 6d.; or Parts I., II., and 
III., 2s. 6d, each. 

SHILLING BOOK OF ARITHMETIC FOR NATIONAL AND 
ELEMENTARY SCHOOLS. i8mo. cloth. Or separately, 
Part I. 2d,; Part II. 3</.; Part III. Jd. Answers, 6d. 

THE SAME, with Answers complete. i8mo. doth, is, 6d, 
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Barnard SiaiXh^-conHnued. 

KEY TO SHILLING BOOK OF ARITHMETIC. i8mo. cloth. 

EXAMINATION PAPERS IN ARITHMETIC. i8mo. cloth. 

is, 6d, The same, with Answers, i8mo. i^. 9^. 
KEY TO EXAMINATION PAPERS IN ARITHMETIC. 

i8mo. cloth. 4J. 6d, 
THE METRIC SYSTEM OF ARITHMETIC, ITS PRINCIPLES 

AND APPLICATION, with numerous Examples, written 

expressly for Standard V. hi National Schools. Fourth Edition. 

i8mo. cbth, sewed. 3^. 
A CHART OF THE METRIC SYSTEM, on a Sheet, size 42 in. 

by 34 in. on Roller, mounted and varnished, price 3f. 6d, Fourdi 

Edition. 
" IVe do not rmumber that ever we have seenCfeeiching by a chart more 
happily carried out J*^ — School Board Chronicle. 

Also a Small Chart on a Card, price \d, 
EASY LESSONS IN ARITHMETIC, combinmg Exercises in 

Riding, Writing, Spelling, and Dictation. Part I. for Standard 

I. in National Schools. Crown 8vo. 9^. 
Diagrams for School-room walls in preparation. 
** We should strofigly advise everyone to study carefully Mr. Barnard 
Smithes Lessons )/« Arithmetic, Writin§^, and Spelling, A more excel' 
lent little work for a first introduction to knowledge cannot well be 
written, Mr, Smithes larger Text-books on Arithmetic and Algebra are 
cUrmdy most favourably known, and he has proved now that the difficulty 
of writing a text-book which begins ab ovo is really surmountable; but we 
shall be much mistaken if this little book has not cost its author more 
thought and mental labour than any of his more elaborate text-books. 
The plan to comibine arithmetical lessons with those in reading and spelling 
is perfectly novel, and it is worked out in accordance with the aims of our 
National Schools ; and we are convinced that its general introduction in 
all elementary schools throughout the country will produce great educa- 
tional advantages,*^ — Westminster Review. 

THE METRIC ARITHMETIC. [Nearly ready. 

Snowball. — ^the elements of plane and spheri- 
cal TRIGONOMETRY; with the Construction and Use of 
Tables of Logarithms. By J. C. Snowball, M.A. Tenth Edition. 
Crown 8vo. doth. 7^. 6d, 

Tait and Steele.— a treatise on dynamics of a 

PARTICLE. With numerous Examples. By Professor Tait and 
Mr. Steele. New Edition, enlarged. Crown 8vo. cloth. loj. 6d. 

Tebay.— ELEMENTARY MENSURATION FOR SCHOOLS. 
With numerous Examples. By Septimus Tebay, B.A., Head 
Master of Queen Elizabeth's Grammar School, Rivington. Extra 
fcap. 8vo. 3^. 6^. 
" A very compact useful manual, " — Spectator. 
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WORKS 
By I. TODHUNTER, M.A., F.R.S., 

Of St John's College, Cambridge.! 

" Mr, Todhunter is chiefly known to students of Mathematics as the 
author of a series of admirable mathematical text-hooks^ which possess the 
rare qualities of being clear in style and absolutely free from misUtkes^ 
typographical or other,^^ — Saturday Review. 

THE ELEMENTS OF EUCLID. For the Use of Colleges and 
Schools. New Edition. i8mo. cloth. 3^. td, 

MENSURATION FOR BEGINNERS. With numerotts Examples. 

New Edition. i8mo. doth. 2s. 6d, 
** For simplicity and clearness of arrangement it is unsurpassed by any 
text-book on the subject which has come under our notice.*^ — Educa- 
tional Times. 
ALGEBRA FOR BEGINNERS. With numerous Examples. New 

Edition. i8mo. doth. 2J. td, 

KEY TO ALGEBRA FOR BEGINNERS. Crown 8to. cloth, 
dr. 6^. 

TRIGONOMETRY FOR BEGINNERS. With numerous Examples. 
New Edition. i8mo. cloth. 2s, 6d, 

KEY TO TRIGONOMETRY FOR BEGINNERS. Crown 8va 
8j. 6d, 

MECHANICS FOR BEGINNERS. With numerous Examples. 
New Edition. i8mo. cloth. 4^. 6d, 

ALGEBRA. For the Use of Colleges and Schools. Sixth Edition, 
containing two New Chapters and Three Hundred miscellaneous 
Examples. Crown 8vo. cloth. 7^. 6d, 

KEY TO ALGEBRA FOR THE USE OF COLLEGES AND 
SCHOOLS. Crown 8vo. lar. 6d, 

AN ELEMENTARY TREATISE ON THE THEORY OF 
EQUATIONS. Second Edition, revised. Crown ^vo. doth. 
7j. td, 
*' A thoroughly trustworthy , complete, and yet not too elaborate treatise,** 

Philosophical Magazine. 

PLANE TRIGONOMETRY. For Schools and Colleges. Fifth 
Edition. Crown 8vo. doth. 5^. 

A TREATISE ON SPHERICAL TRIGONOMETRY. New 
Edition, enlarged. Crown Svo. cloth. 4;. 6d, 
** For educational purposes this %vork seems to be superior to any others 
on the subjects — Critic. 

PLANE CO-ORDINATE GEOMETRY, as appUed to the Straight 
Line and the Conic Sections. With numerous Examples. Fifth 
Edition, revised and enlarged. Crown 8vo. doth. 7j. td. 
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Todhunter {}..)'-~conHniu(L 

A TREATISE ON THE DIFFERENTIAL CALCULUS. With 
namerous Examples. Sixth Edition. Crown 8vo. cloth. lox. 6d, 
** J/as already taken its place as the text-book on that subject" — 
Philosophical Magazine. 

A TREATISE ON THE INTEGRAL CALCULUS AND ITS 
APPLICATIONS. With numerous Examples. Fourth Edition, 
revised and enlarged. Crown 8vo. doth, los, 6d. 

EXAMPLES OF ANALYTICAL GEOMETRY OF THREE 
DIMENSIONS. Third Edition, revised. Crown 8vu. doth. 4J. 

A TREATISE ON ANALYTICAL STATICS. With numerous 
Examples. Fourth Edition, revised and enlarged. Crown 8vo. 
doth. lor. 6d, 

A HISTORY OF THE MATHEMATICAL THEORY OF 
PROBABILITY, from the time of Pascal to that of Laplace. 
8vo. i8r. 

RESEARCHES IN THE CALCULUS OF VARIATIONS, 
principally on the Theory of Discontinuous Solutions : an Essay 
to which the Adams Prize was awarded in the University of Cam- 
bridge in 187 1. 8vo. dr. 

A HISTORY OF THE MATHEMATICAL THEORIES OF 

ATTRACTION, AND THE FIGURE OF THE EARTH, 

from the time of Newton to that of Laplace. 2 vols. 8vo. 24r. 

** Such histories are at present more valuable than original work. 

They at once enable the McUhematician to make himself master of all that 

has been done on the subject^ and also give him a cltte to the right -method 

of dealing with the subject in future by showing him the paths by which 

adz/ance has been made in the past ,.,Itis wUh unmingled satisfaction 

that we see this branch adopted as his special subject by one whose cast oj 

mind and self culture have made him one of the most occur ate, as he eer" 

tainly is the most learned^ of Cambridge Mathematicians,^^ — Saturday 

Review. 

Wilson (J. M.) — ELEMENTARY GEOMETRY. Books 
I. II. III. Containmg the Subjects of Eudid's first Four Books. 
New Edition, following the Syllabus of the Geometrical Assoda- 
tion. By J. M. Wilson, M.A., late Fellow of St John's Col- 
lege, Cambridge, and Mathematical Master of Rugby SchooL 
Extra fcap. 8vo. 3^ . 6d, 

SOLID GEOMETRY AND CONIC SECTIONS. Witii Appen- 
dices on Transversals and Harmonic Division. For the use of 
Schools. By J. M. Wilson, M. A. Second Edition. Extra fcap. 
8vo. 3^. (kL 

Wilson (W. P.) — A TREATISE ON DYNAMICS. By 
W. P. Wilson, M. A., Fellow of St. John's College, Cambridge, 
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and Professor of Mathematics in Queen's College^ Belfast. 8vo. 

**Tkis treatise supplies a great educational need,*^ — Educational 
Times. 

Wolstenholme.— A BOOK OF mathematical 

PROBLEMS, on Subjects included in the Cambridge Course. 
By Joseph Wolstenholme, Fellow of Christ's College, some- 
time Fellow of St John's CoU^e, and lately Lecturer in Mathe- 
matics at Christ's College. Crown Sva doth. 8j. 6d, 

" Judicious^ symmetrical, and well arranged^'—GuAXDlAix, 



SCIENCE. 

ELEMENTARY CLASS-BOOKS. 

It is the intention of the Publishers to produce a com- 
plete series of Scientific Manuals, affording full and ac- 
curate elementary information, conveyed in clear and 
lucid English. The authors are well known as among 
the foremost men of their several departments ; and their 
names form a ready guarantee for the high character of the 
books. Subjoined is a list of those Manuals that have 
already appeared, with a short account of each. Others 
are in active preparation ; and the whole will constitute a 
standard series specially adapted to the requirements of be- 
ginners, whether for private study or for school instruction, 

ASTRONOMY, by the Astronomer Royal. 

POPULAR ASTRONOMY. With lUustrationa. By Sir G. B. 

Airy, K.C.B., Astronomer Royal. New Edition. i8mo. 

cloth. 4s. 6d, 
Six lectures, intended " to explain to intdligent persons the principles 
on which the instruments of an Observatory are constructed, and the 
principles on which the observations made with these instruments are 
treatA for deduction oj the distances and weights of the bodies of the 
Solar System,** 

ASTRONOMY. 

ELEMENTARY LESSONS IN ASTRONOMY. With 

Coloured Diagram of the Spectra of the Sun, Stars, and 

Nebulae, and numerous Illustrations. By J. Norman Lockyer, 

F.R.S. New Edition. i8mo. 5j. ed, 

" FiUl^ clear, sound, and worthy of attention, not only as a popular expo^ 

sition, but as a scientific 'Index,*** — AxHENiEUM. ** The most fasci' 

nating of elementary books on the Sciences,** — ^Nonconformist. 
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Elementary Class- Books — tontinued. 

QUESTIONS ON LOCKYER'S ELEMENTARY LESSONS 
IN ASTRONOMY. For the Use of Schools. By John Forbes- 
RoBB&TSON. i8mo. doth limp. ix. fuL 

PHYSIOLOGY. 

LESSONS IN ELEMENTARY PHYSIOLOGY. With 
numerous Illustrations. By T. H. Huxlby, F.R.S., Professor 
of Natural History in the Royal School of Mines. New Edition. 
i8ma doth. 45. dd, 
" Puregold throughout,^— ^VKSi\i\Ksx, " UnquesHonahly the clearest 

and most complete dementary treatise on this subject that we possess in 

any language/* — WesTMINstbr Review. ' 

QUESTIONS ON HUXLEY'S PHYSIOLOGY FOR SCHOOLS. 
By T. Alcogk, M.D. i8mo. is, 6d, 

BOTANY. 

LESSONS IN ELEMENTARY BOTANY. By D. Oliver, 
F.R. S., F.L.S., Professor of Botany in University College^ London. 
With nearly Two Hundred Illustrations. New Edition. iSmo. 
cloth. 4^. 6d, 

CHEMISTRY. 

LESSONS IN ELEMENTARY CHEMISTRY, INORGANIC 
AND ORGANIC. By Henry E. Roscoe, F.R.S., Professor of 
Chemistry in Owens College, Manchester. With numerous Illus- 
trations and Chromo-Litho of the Solar Spectrum, and of the Al- 
kalies and Alkaline Earths. New Edition. i8mo. cloth. 4; . 6d, 
** As a standard genercd text-book it deserves to take a leading place,** — 
Spectator. ** tVe unhesitatingly pronounce it the best 0/ all our 
dementary treatises on Chemistry,** — Medical Times. 

POLITICAL ECONOMY. 

POLITICAL ECONOMY FOR BEGINNERS. By MiLLlCENT 

G. Fawcett. New Edition. i8mo. 2s. 6d, 
** Clear, compact, and comprehensive," — Dailv News. " The rdations 
of capital and labour have never been more simply or more clearly 
expounded,*''-ConTKUVORAKY Review. 

LOGIC. 

ELEMENTARY LESSONS IN LOGIC ; Deductive and Induc- 
tive, with copious Questions and Examples, and a Vocabulary of 
Logical Terms. By W, Stanley Jevons, M. A. , Professor of Logic 
in Owens College, Manchester! New Edition. i8mo. 3^. 6d, 

^* Nothing can be better /or a school-book,** — Guardian. 

**IA manual alike simple, interesting, and scientific,** — Athen^um. 

PHYSICS* 

LESSONS IN ELEMENTARY PHYSICS. By Balfour 
Stewart, F.ItS., Professor of Natural Philosophy in Owens 
College, Manchester. With numerous Illustrations and Chromo- 

B 
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Elementary Class-Books — cmHnued. 

litfas of the Spectra of the Sim, Stais, and Nebabe. New Edition. 

i8ma 4/. id. . 
'~ '* The beau ideal of a scienHfic text-booh^ clear, aecurate, andthorou^?^ 
Educational Times. 

PRACTICAL CHEMISTRY. 

THE OWENS COLLEGE JUNIOR COURSE OF PRAC- 
TICAL CHEMISTRY. By Francis Jones, Chemical Master 
in the Grammar School, Manchester. With Freiace by Professor 
RoscoE. With Illustrations. New Edition, i&no. 2s, 6d. 

ANATOMY. 

LESSONS IN ELEMENTARY ANATOMY. By St. George 

MiVART, F.R,S., Lecturer in Comparative Anatomy at St Mary's 

Hospital With upwards of 400 Illustrations. i8mo. dr. 6d, 

" It may be questioned whether any other work on Anatomy contains 

in like compass so proportionately great a mass of information. " — LANCET. 

" The work is excellent^ and should be in the hands of every student of 

human anatomy,^* — Medical Times. 

STEAM — AN ELEMENTARY TREATISE. By John Perry, 
Bachelor of Engineering, Whitworth Scholar, etc., late Lecturer in 
Physics at ClSton College. With numerous Woodcuts and 
Numerical Examples and Exercises. i8mo. 4J. 6^. 

MANUALS FOR STUDENTS. 

Flower (W. H.)— an introduction to the oste- 
ology OF THE MAMMALIA. Being the substance of 
the Course of Lectures delivered at the Royal College of Surgeons 
of England in 1870. By W. H. Flower, F.R.S., F.R.C.S., 
Hunterian Professor of Comparative Anatomy and Physiology, 
With numerous Illustrations. Globe 8vo. *is, 6d, 

Hooker (Dr.)— the students flora of the 

BRITISH ISLANDS. By J. D. Hooker, C.B., F.R.S., 

M.D., D.C.L., President of the Royal Society. Globe 8vo. 

lOJ. id, 

" Cannot fail to perfectly fulfil the purpose for which it is intended** — 

Land and Water. — ** Containing the fullest and most accurate 

manual of the kind that has yet appeared *'^ — Pall Mall Gazette. 

Oliver (Professor).— first book of Indian botany. 

By Daniel Oliver, F.RS., F.LwS., Keeper of the Herbarium 

and Library of the Royal Gardens, Kew, and Professor of Botany 

in University College, London. With numerous Illustrations. 

Extra fcap. 8vo. ts,id, 

^^ It contains a weU-digested summary of all essential knowledge pertain' 

ing to Indian botany, wrought out in accordance zuith the best principles 

of scientific arrangement,** — Allen's Indian Mail. 

Other volumes of these Manuals wUl follow. 
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NATURE SERIES. 

THE SPECTROSCOPE AND ITS APPLICATIONS. By J. 
Norman Lockyer, F.R.S. With Coloured Plate and numerouB 
illustrations. Second Edition. Crown 8vo. 3/. 6^. 

THE' ORIGIN AND METAMORPHOSES OF INSECTS. By 
Sir John Lubbock, M. P. , F. R. S. With numerous Illustrations. 
Second Edition. Crown 8yo. 3/. 6^. 
" We can most cordially recommend it to young naturalists,** — Athe- 

NiCUM. 

THE BIRTH OF CHEMISTRY. By G. F. Rodwell, F.R. A.S., 
F.C.S., Science Master in Marlborough College, With numerous 
Illustrations. Crown 8vo. %s, 6d, 
" fVe can cordially recomnund it to all Students of Chemistry. ^^ — 

Chemical News. 

THE TRANSIT OF VENUS. By G. Forbes, M. A., Professor of 
Natural Philosophy in the Andersonian University, Glasgow. 
Illustrated. Crown 8vo. 3/. dd. 

Other volumes to foUow, 



Ball (R. S., A.M.)— EXPERIMENTAL MECHANICS. 
A Conne of Lectures delivered at the Royal College of Science 
for Ireland. By R. S. Ball, A.M., Professor of Applied 
Mathematics and Mechanics in the ^Royal College ol Science 
for Ireland. Royal 8vo. i6i. 

Clodd.— THE CHILDHOOD OF THE WORLD: a Simple 

Account of Man in Early Times. By Edward Clodd, F.R. A.S. 

Third Edition. Globe 8vo. 3/. Also a Special Edition for 

Schools. i8mo. is. 

Professor Max Muller, in a letter to the Author, says: **Iread 

your book with great pleasure. I have no doubt it will do good, and I 

hope you will continue your work. Nothing spoils our temper so much as 

having to unlearn in youths manhood, ana even old age, so many things 

which we were taught as children. A book like yours will prepare a fiir 

better soil in the child's mind, and I was delighted to have it to recul to 

my children,^* 

Cooke (Josiah P., Jun.)— first principles of 

CHEMICAL PHILOSOPHY. By Josiah P. Cooke, Jun., 
Ervine Professor of Chemistry and Mineralogy in Harvard College. 
Third Edition, Revised and Corrected. Crown 8vo. 12s, 

Thorpe (T. E.)— a series of chemical problems, 

for use in Colleges and Schools. Adapted for the preparation of 
Students for the Government, Science, and Society of Arts Ex- 
ammatlons. WiUi a Preface by Professor Roscos. i8mo. 
cloth. IS. Key. is. 

B 2 



20 EDUCATIONAL BOOKS. 

SCIENCE PRIMERS FOR ELEMENTARY 

SCHOOLS. 

The necessity of commenciiig the teaching of Science in Schools at an 
early stage of the pupil's course has now become generally recog- 
nized, and is enforced in all Schools under Government inspection. 
For the purpose of facilitating the introduction of Science 
Teaching into Elementary Schools, Messrs. Macmillan are now 
publishing a New Series of Science Primers, under the joint 
Editorship of Professors Huxlsy, Roscoe, and Balfour 
Stewart. The object of these Primers is to convey information 
in such a manner as to make it both intelligible and interesting to 
pupils in the most elementary classes. They are clearly printed on 
good paper, and illustrations are given whenever they are necessary 
to the proper understanding of the text. The following are just 
published : — 

PRIMER OF CHEMISTRY. By H. E. RoscoE, Professor of 
Chemistry in Owens College, Manchester. i8mo. is. Third 
Edition. 

PRIMER OF PHYSICS. By Balfour Stewart, Professor of 
Natural Philosophy in Owens College, Manchester. iSmo. u. 
Third Edition. 

PRIMER OF PHYSICAL GEOGRAPHY. By Archibald 

Geikie, F.R.S., Murchison-Professor of Geology and Mineralogy 

at Edinbuigh. Second Edition. i8mo. \s. 

Everyone ought to know something about the air we breathe and the 

earth we live upon^ and about the relations between them; and in this 

little work the author wishes to show what sort of questions may be put 

about some of the chief parts of the book ofnaturey and especially about two 

oj them— the Air and the Earth, The divisions of the book are as 

follows :^The Shape of the Earth—Day and Night—The Air— The 

Circulation of Water on the Land — The Sea — The Inside of the Earth, 

PRIMER OF GEOLOGY. By Professor Geikie, F.R.S. With 
numerous Illustrations. Second Edition. i8mo. cloth, is. 
In these Primers the authors have aimed^ not so much to ffve infbrma" 
tion, as to endeavour to discipline the mind in a way which has not 
hitherto been customary^ by bringing it into immediate contact with 
NcUure herself. For this purpose a series of simple experiments {to be 
performed by the teacher'^ has been devised^ Imding up to the chief truths 
of each Science, ^Thus the power of observation in the pupils will be 
awctkened and strengthened, Ecuh Manual is copiously illustrated, and 
appended are lists of aU the necessary apparatus^ with prices^ and 
directions as to hem they may be obtained. Professor Huxl^s introduce 
tory volume has been ddayed through the illness of the cuUhor, but it is 
now expected to appear very shortly, ** They are wonderfully clear and 
lucid in their instruction^ simple in style^ and, admirable in planj** — 
Educational Times. 
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Science Primers — continued, 

PRIMER OF PHYSIOLOGY. By Michael Foster, M.D., 
F.R.S. With numerous Illustrations. i8mo. is, 

1 

In proration :— 

INTRODUCTORY. By Professor Huxley. 
PRIMER OF BOTANY. By Dr. Hooker, C.B., F.R.S. 
PRIMER OF ASTRONOMY. By J. Norman Lockver, F.R.S. 



MISCELLANEOUS. 

Abbott,— A SHAKESPEARIAN GRAMMAR. An Attempt to 

illustrate some of the Differences between Elizabethan and Modem 

English. By the Rev. E. A. Abbott, M.A., Head Master of the 

City of London School. For the Use of Schools. New and 

Enlaiged Edition. Extra fcap. 8vo. dr. 

** A critical inquiry ^ conducted with great skill and knowledge^ and 

with all the appliances of modem phUology .... We venture to bdieve 

that those who consider themsdves most proficient as Shakespearians 

toUl find something to learn from its pages'^ — Pall Mall Gazette. 

** Valuable not only as an aid to the critical study of Shakespeare^ but 

as tending to familiarize the reader with Elvuibethan English in 

general,^* — Athenaum. 

Barker.— FIRST LESSONS IN THE PRINCIPLES OF 
COOKING. By Lady Barker. i8mo. is, 
"An unpretending but invaluable little work .... The plan is 
admirctble in its completeness and simplicity ; it is hardly possible that 
anyone who can read at all can fail to understand the practical lessons on 
bread and beef^ fish and vegetables ; while the explanaHon of the chemical 
composition of our food must be intelligible to all who possess sufficient 
education to follow the argument^ in which the fewest possible technical 
terms are used** — Spectator. 

Berncrs.— FIRST lessons on health. By j. ber- 

ners. i8mo. IX. Third Edition. 

Besant.— STUDIES in early French poetry. By 

Walter Besant, M.A. Crown Svo. Zs, 6d, 
** In one moderately sized volume he has contrived to introduce us to the 
very best^ if not to all of the early French poets** — ATHENiEUM. ** In- 
dustry^ the insight of a scholar^ and a genuine enthusiasm for his subject, 
combine to make it of very considerdle value** — Spectator. 

Breymann.— A French grammar based on phi- 

LOLOGICAL principles. By Hermann Breymann, 

Ph.D., Lecturer on French Language and Literature at Owens 

College, Manchester. Extra fcap. Svo. 45. td, 

" We dismiss the work with every expression of satisfaction. It can- 

not fail to be taken into use by all schools which endeavqur to make the 
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study of French a means towards the higher culture** — ^EDUCATIONAL 
Times. ** A good, sound, valuable philological grammar, 7^ author 
presents the pupil by his method and by detail, with an enormous amount 
of information about French not usually to be found in grammars, and 
the information is all of it of real practical value to the student who 
really wants to know French well, and to understand its spirii , . , At 
the end a long chapter called *■ Reasons and Illustrations * forms an 
exceedingly interesting and valuable dissertoHon upon French philo- 
lo^y — School Board Chronicle. 

CalderwOOd.— HANDBOOK of MORAL PHILOSOPHY. 

Bv the Rev.* Henry Calderwood, LL.D., Professor of Moral 

Philosophy, University of Edinburgh. Second Edition. Crown 

8vo. is» 

"A compact and useful work .... wUl be an assistance to many 

students outside the author' s own Uttiversity" — Guardian. 

Delamotte.— A beginner's drawing book. By P. H. 

Delamotte, F.S.A. Progressively arranged. New Edition, 

improved. Crown 8vo. 3j. 6d, 
** We have seen and examined a great many drawing'bookSf but the one 
now before us strikes us as bang the best of them alW* — ILLUSTRATED 
Times. *M concise, simple, and thoroughly practical work. The 
letterpress is throughout int4ligible and to the point.** — Guardian. 

Goldsmith. — the TRAVELLER, or a Prospect of Society; 
and THE DESERTED VILLAGE. By Oliver Goli>smith. 
With Notes Philological and Explanatory, by J. W. Hales, M. A. 
Crown 8vo. dd. 

Green.— A history of the English people. By the 

Rev. J. R. Green, M.A. For the use of Collies and Schools. 
Crown 8vo. 

Hales.— LONGER ENGLISH POEMS, with Notes, Philological 
and Explanatory, and an Introduction on the Teaching ol Engli^ 
Cbiefly for nse in Schools. Edited by J. W. Hales, M.A., late 
Fellow and Assdstant Tutor of Christ's College, Cambridge, 
Lecturer in EngUsh Literature and Classical Composition at Kii^s 
College School, London, &c. &a Extra fcap. 8vo. 4j. 6d, 

Helfenstein (James).— a comparative grammar 

OF THE TEUTONIC LANGUAGES. Being at the same 
time a Historical Grammar of the English Language, and comprising 
Gothic, Anglo-Saxon, Early English, Modem English, Icelandic 
(Old Norse), Danish, Swedish, Old High German, Middle High 
German, Modem German, Old Saxon, Old Frisian, and ]>nt<^ 
By James Helfenstein, Ph. D. 8vo. iSx. 

Hole.— A GENEALOGICAL STEMMA OF THE KINGS OF 
ENGLAND AND FRANCE. By the Rev. C. HoLX. On 
Sheet IS. 
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Jcphson,— SHAKESPEARE'S "TEMPESl".*' With Glossarial 
and Explanatory Notes. By the Rev. J» M. Jephson. Second 
Edition. i8mo. \s, 

Kington-Oliphant.— THE SOURCES OF STANDARD 
ENGLISH. Bv J. Kington-Oliphant. Extra fcap. 8vo. 6j. 
" Mr, OHphanfs hook is, to our mind, one of the ablest and most 
scholarly contributions to our standard English we have seen for many 
years, . . . 734^ arrangement of the work and its indices make it in- 
valuable as a work of reference, and easy alike to study and to store, when 
studied, in the memory,^* — School Board Chronicle. " Comes 
nearer to a history of the English language than anything that we have 
seen since such a history could be written without confusion and con^ 
tradictions?^ — Saturday Review. 

Martin,— THE poets hour : Poetry Selected and Arranged 
for Children. By Frances Martin. Second Edition. i8mo. 
2J. td. 
Nearly 200 Poems selected from the best Poets, ancient and modem, 

and intended mainly for children between the ages of eight and twelve, 

SPRING-TIME WITH THE POETS. Poetry selected by Frances 
Martin., Second Edition. i8mo. 3^. 6d. 
Intended mainly jor girls and boys between the ages oftwdveand seven" 
teen, 

Masson (Gustave).— a compendious dictionary 

OF THE FRENCH LANGUAGE (French-English and English- 
French). Followed by a List of the Principal Diverging Deriva- 
tions, and preceded by Chronological and Historical Tables. By 
Gustave Masson, Assistant-Master and Librarian, Harrow 
School. Square half-bound, 6f. 
This volume, though cast in the same form as other dictionaries, has 
several distinctive fecUures which increase its value for the student. In the 
French'Endish part, etymologies, founded on the researches of Messrs, 
lAttri, Schker, and Bracket, are given. The list of diverging deriva- 
tions, at the end of the volume, will be very useful to those who are 
interested in tracing th4 various developments of original Latin words. 
But that which makes it almost indispensable to students of the political 
and literary history of France, is to be found at the beginning oj the work, 
where M, Masson has drawn up clear and complete tables of historical 
events, viewed in connection with the developments of literature and Ian' 
guage, between the death of Charlemagne, 814 A.D., and thcU of Louis 
PhUippe, 1850. These tables are illustrated by remarks on the various 
social moods, of which the works produced were the expression. Appended 
also is a list of the principal Chronicles and Memoirs on the History of 
France which have appeared up to the present time; the French Re- 
publican Calendar, compared with the Gregorian ; and a Chronological 
list of the principal French Newspapers published during the Revolution 
and the First Empire, 
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Morris. — ^Works by the Rev. R. Morkis, LL.D., Lecturer on 
English Language and Literature in King's College School. 

HISTORICAL OUTLINES OF ENGLISH ACCIDENCE, 

comprising Chapters on the History and Development of the 

Language, and on Word-formation. Third Edition. Extra fcap. 

8vo. 6j. 

** // makes an era in the study 0/ the English tongue^ — Saturday 

Review. **IIe has done his work with a fulness and completeness 

that leave nothing to be ^«j>a/."— Nonconformist. ^*A genuine 

and sound book, ** — ATHENiEQM. 

ELEMENTARY LESSONS IN HISTORICAL ENGLISH 
GRAMMAR, Containing Accidence and Word-formation. i8mo. 
2s. 6d. 

Oppen.— FRENCH READER. For the Use of Colleges and 
Schools. Containing a graduated Selection from modem Authors 
in Prose and Verse ; and copious Notes, chiefly Etymological. By 
Edward A. Oppen. Fcap. 8vo. doth. 4J. 6d, 

' Pylodfet.— NEW GUIDE TO GERMAN CONVERSATION: 
contaimng an Alphabetical List of nearly 800 Familiar Words 
similar in Orthography or Sound and the same Meaning in both 
Languages, followed by Exercises, Vocabulary of Words in 
frequent use, Familiar Phrases and Dialogues ; a Sketch of German 
Literature, Idiomatic Expressions, &c. ; and a Synopsis of German 
Grammar. By L. Pylodet. i8mo. cloth limp. zs. 6d. 

Sonnenschein and Meiklejohn. — the ENGLISH 

METHOD OF TEACHING TO READ. By A. Sonnenschein 
and J. M. D. Meiklejohn, M.A. Fcap. 8vo. 

COMPRISING : 

The Nursery Book, contahiing all the Two-Letter Words in 
the Language, id. (Also in Large Type on Sheets for 
School Walls. 5j.) 

The First Course, conosting of Short Vowels with Single 

Consonants. 3^. 
The Second Course, with Combinations and Bndges, con- 
sisting of Short Vowels with Double Consonants, ^d. 
The Third and Fourth Courses, consistmg of Long 
Vowels, and all the Double Vowels in the Language. 6d, 
" These are admirable books, because they are constructed on aprinciple^ 
and that the \simplest principle on which it is possible to learn to read 
English, "—Spectator. 

Taylor.— WORDS AND PLACES ; or. Etymological lUus- 

trations of History, Ethnology, and Geography. By the Rev. 

Isaac Taylor, M.A. Third and cheaper Edition, revised and 

compressed. With Maps. Globe 8yo. 6j. 

Already been adopted by many teachers, and prescribed as a text-book in 

the Cambridge Higher Examinations for Women, * 
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Thring. — Works by Edward Thring, M.A., Head Master of 
Uppingham. 

THE ELEMENTS OF GRAMMAR TAUGHT IN ENGLISH, 
with Questions. Fourth Edition. i8mo. 2s, 

THE CHILD'S GRAMMAR. Being the Substance of "The 
Elements of Grammar taught in English," adapted for the Use of 
Junior Classes. A New Edition. iSmo. is. 

SCHOOL SONGS. A Collection of Songs for Schools. With the 
Music arranged for four Voices. Edited by the Rev. E, Thrino 
and H. Riccius. Folio. 7^. 6d. 

Trench (Archbishop). — HOUSEHOLD book of ENG- 
LISH POETRY. Selected and Arranged, with Notes, by 
R. C. Trench, D.D,, Archbishop of DubUn. Extra fcap. 8vo. 
$s, 6d, Second Edition. 
" T!ke Archbishop has conferred in this delightful volume an import 

tant gift on the whole English-speaking population oflheworld.''^ — Pall 

Mall Gazette. 

ON THE STUDY OF WORDS. Lectures addressed (originally) 
to the Pupils at the Diocesan Training School, Windiester. 
Fourteenth Edition, revised. Fcap. 8vo. 4^. 6d, 

ENGLISH, PAST AND PRESENT. Eighth Edition, revised 
and improved. Fcap. 8vo. 4J. 6d, 

A SELECT GLOSSARY OF ENGLISH WORDS, used formerly 
in Senses Different firom their Present. Fourth Edition, enlarged* 
Fcap. 8vo. 4^. 6</. 

Vaughan (C. M.>— a SHILLING BOOK OF WORDS 
FROM THE POETS. By C. M. Vaughan. i8mo. cloth. 

Whitney. — Works by William D. Whitney, Professor of San- 
skrit and Instructor in Modem Languages in Yale College ; first 
President of the American Philological Association, and hon. 
member of the Royal Asiatic Society of Great Britain and Ireland ; 
and Correspondent of the Berlin Academy of Sciences. 

A COMPENDIOUS GERMAN GRAMMAR. Crown 8vo. dr. 

A GERMAN READER IN PROSE AND VERSE, with Notes and 
Vocabulary. Crown 8vo. ^s, 6d. 

Yonge (Charlotte M.)--the abridged book of 

GOLDEN DEEDS. A Reading Book for Schools and General 
Readers. By the Author of "The Heir of Redclyffe.** l8mo. 
cloth. IJ. 

HISTORY. 

Freeman (Edward A.)— old -English history. 

By Edward A. Freeman, D.C.L., late Fellow of Trinity 
College, Oxford. With Five Coloured Maps. Third Edition. 
Extra fcap. 8vo. half-bound, ts. 
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**Ikave, Ihcpe^** the author says^ *' shawm that it is perfectly easy to 
teach children^ from the very firsts to distinguish true history alike Jrom 
l^end and from toilful invention, and also to understand the nature of 
historical authorises and to wd^h one statement against another, I have 
throughout striven to connect the history of England with the general 
history of civilised Europe, and I have especially tried to make the 
hook serve as an incentive to a more accurate study of historical 
geography/* In the present edition the whale hcu been carefully revised, 
and such improvements as suggested themstlves have been introduced. 
" The book indeed is full of instruction and interest to students of all 
ages, and he must be a well-informed man indeed who will not rise from 
its perusal with clearer and more accurate ideas of a too much n^ected 
portion of EngUsh History J* — Spectator. 

Historical Course for Schools. — Edited by Edwa&d 

A. Freeman, D.C.L., late Fellow of Trini^ College, Oxford. 
The object of die present series is to pat forth clear and correct views 
of history in simple language, and in the smallest space and cheapest 
form in which it could be done. It is meant in the first place for 
Schools ; but it is often found that a book for schools proves useful 
for other readers as well, and it is hoped that this may be the case 
with the little books the first instalment of which is now given to 
the world. The General Sketch will be followed by a series of 
special histories of particular countries, which will take for granted 
the main principles laid down in the General Sketch. In every case 
the results of the latest historical research will be given in as smiple 
a form as may be, and the several numbers of the series will all be 
so far under die supervision of the Elditor as to secure general ac- 
curacy of statement and a general harmony of plan and sentiment ; 
but each book will be the original work of its author, who will 
be responsible for. his own treatment of smaller details. 
The first volume is meant to be introductory to the whole course. It 
is intended to give, as its name implies, a general sketch of the history of 
the civilized world, that is, of Europe, and of the lands which have drawn 
their cvvilizcUion from Europe, Its object is to trace out the general rela* 
turns of different periods and different countries to one another, without 
going minutely into the affairs of any particular country. This is an 
object of the first importance, for without clear notions of general history, 
the history of particular countries can never be riehtly understood. The 
narrative extends from the earliest movements of the Aryan peoples, dawn 
to the latest events both on the Eastern and Western Continents, The 
book consists of seventeen moderately sized chapters, each chapter bein^ 
divided into a number of short numbered paragraphs, each with a title 
prefixed clearly indicative of the subject of the paragraph, 

I. GENERAL SKETCH OF EUROPEAN HISTORY. By 
Edward A. Freeman, D.C.L. Third Edition, i8mo. cloth. 
3J. 6d, 
** It supplies the great tvant of a good foundcUion for historical teach" 

ing, Tne scheme is an excellent one, and this instalment has been 
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Historical Course for Schools — continued, 

executed in a way thai promises mucKjor the volumes that are yet to 
appearJ^ — Educational Times. 

IL HISTORY OF ENGLAND. By Edith Thompson. Fourth 
Edition. i8mo. 2s, 6d, 
" Freedom from prejudice^ simplicity ofstyle^ and accuracy ofstatement^ 
are the characteristics of this little volume. It is a trustworthy text-book 
and likely to be generally serviceable in schools" — Pall Mall Gazette. 
** Upon the whole, this manual is the best sketch of English history for the 
use of young people toe have yet met with^* — ATHENiEUM. 

III. HISTORY OF SCOTLAND. By Margaret Macarthur. 
iSmo. 2J. 

'' An excellent summary, unimpeachable cls to facts, and putting them in 
the clearest and most impartial light attainable." — Guardian. " Miss 
Macarthur has performed her task with culmirable care, clearness, and 
fulness, and we have new for the first time a really good School History 
cf Scotland," — Educational Times. 

IV. HISTORY OF ITALY. By the Rev. W. Hunt, M.A. i8mo. 

** It possesses the same solid merit as its predecessors .... the same 
scrupulous care about fidelity in details, , , , Itis distinguished, too, by 
information on art, architecture, and social politics, in which the writet^s 
crasp is seen by the firmness and clearness of his touch, " — Educational 
Times. 

V. HISTORY OF GERMANY. By J. SiME, M.A. i8mo. 3j. 
" A remarkably clear and impressive History of Germany, Its great 

events are wisely kept cts central figures, and the smaller events are carefully 
kept, not only subordinate and subservient, but most skilfully woven tnto 
the texture of the historical tapestry presented to the eye," — Standard. 

The following will shortly be issued : — 

FRANCE. By the Rev. J. R. Green, M.A. 

GREECE. By J, Annan Bryce, B.A. 

AMERICA. By John A. Doyle. 

Yonge (Charlotte M.)— a parallel history of 

FRANCE AND ENGLAND : consisting of Outlines and Dates. 

By Charlotte M. Yonge, Author of "The Heir of Redclyflfe," 

*' Cameos of English History," &c. &c. Oblong 4to. 3^. 6^. 

** We can imagine few more recdly culvantageous courses of historiccU 

study for a young mind than going carefully and steadily through Miss 

Yonge* s excellent little book" — Educational Times. 

cameos from ENGLISH HISTORY. From RoUo to Edward 

II. By the Author of " The Heir of Redclyffe." Extra fcap. 

8vo. Second Edition, enlarged. 3^. 6d, 

A book for young people fust beyond the elementary histories of England, 

and able to enter in some degree into the real spirit of events, and to be 

struck with characters and scenes presented in some reHrf, ^* Instead of 
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Yonge (Charlotte JA.)— continued. 

dry daailSf we have living pictura^ faithful^ vknd^ 'flnd strikingJ* — 
NONCONFOUCIST. 

A Second Skriss op CAMEOS FROM ENGLISH HISTORY. 
Ths Waks in Franck. Second EditioiL Extra fcap. 8vo. y. 
" TTufugh mainly intended for young readers^ they will^ if we mistake 
natj be found very acceptable to those of more mature years, and the 
life and reality impartal to the dry bones of history cannot fail to be 
attractive to readers of every <ij^/."— John Bull. 

EUROPEAN HISTORY. Narrated in a Series of Historical Selec- 
tions from the Best Authorities. Edited and arranged by E. M, 
Sewell and C. M. Yonge. First Series, 1003 — 11 54. Third 
Edition. Crown 8to. 6;. Second Series, 1088-— 1228. Crown 
8vo. dr. Second Edition. 
" We know of scarcely anything which is so likely to raise to a higher 

level the average standard of En^ish education^^ — Guardian. 

DIVINITY; 

*»* For other Works by these Authors, see Theological Catalogue. 

Abbott (Rev. E. A,)— bible lessons. By the Rev. 

E. A. Abbott, M.A., Head Master of the City of London School. 

Second Edition. Crown 8vo. 4J. 6d. 
" Wise, suggestive, and really profound initiation into rdigious thought** 
— Guardian. *< / think nobody could read them without being both the 
better for them himsdf and bang also able to see how this difficult duty of 
imparting a sound rdigious education may be effected,** — Bishop of St. 
David's at Abergwilly. 

Arnold.— A BIBLE-READING for schools. The 
Great Prophecy of Israel's Restoration (Isaiah, Chapters 
40—66). Arranged and Edited for Young Learners. By Mat- 
thew Arnold, D.C.L., formerly Professor of Poetry in the 
University of Oxford, and Fellow of Oriel Third Edition. i8mo. 
cloth. IS, 
" There can be no doubt thai it will be found excdlently calculated to 
further instruction in Biblical literature in any school into which it may 
be introduced ; and we can safely say that whatever school uses the book, 
it will enable its pupils to understand Isaiah, a great advantage compared 
with other establishments which do not avail themselves of it** — Times. 
* *Mr, Arnold hcts done the greatest possible service to the public. We never 
read any translation of Isaiah which interfered so little with the musical 
rhythm and associcUions of our English Bible translation, while doing 
so much to display the missing links in the connection of the parts,** — 
Spectator. 

Golden Treasury Psalter. — students' Edition. Being an 

Edition of "The Psalms Chronologically Arranged, by Fouf 
Friends," with briefer Notes. i8mo. 3^. 6d, 
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Hardwick.— A HISTORY OF THE CHRISTIAN CHURCH. 
Middle Age. From Gregory the Great to the Excommunication 
of Luther. Edited by William Stubbs, M.A., Redus Professor 
of Modem History in the University of Oxford. Wim Four Maps 
constructed for this work by A. Keith Johnston. Third Edition. 
Crown 8vo. lor. 6^. 
For this edition Professor Stubbs has carefully revised both text and 
noteSi mahing such corrections of factSt dates^ and the like ets the results 
of recent research warrant. The doctrinal^ historical^ and genercUly 
speculative views of the late author have been preserved intact. *^ As a 
manual for the student of ecclesiastical history in the Middle Ages^ we 
know no English work which can be compared to Mr, Hardwick^s 
book, "—Guardian. 

A HISTORY OF THE CHRISTIAN CHURCH DURING THE 
REFORMATION, By Archdeacon Hardwick. Third 
Edition. Edited by Professor Stubbs. Crown 8vo. \o$, 6d, 

Maclear. — Works by the Rev. G. F. MACLEAR, D.D., Head 
Master of King's College SchooL 

A CLASS-BOOK OF (M.D TESTAMENT HISTORY. Eighth 
Edition, with Four Maps. i8mo. cloth. 4^. 6^. 
** A careful and elaborate though brief compendium of all that modern 
research has done for the illustration of the Old Testament, We know 
of no work which contains so much important information in so small 
a compass.'*— Bkitish Quarterly Review. 

A CLASS-BOOK OF NEW TESTAMENT HISTORY, including 
the Connexion of the Old and New Testament. With Four Maps. 
Fifth Edition. i8mo. cloth. 5^. 6d, 
'*A singularly clear and orderly arrangement of the Sacred Story, 
Itis work is solidly andcompletdy done,** — ATHENiCUM. 

A SHILLING BOOK OF OLD TESTAMENT HISTORY, 
for National and Elementary Schools. With Map. i8mo. 
cloth. New Edition. 

A SHILLING BOOK OF NEW TESTAMENT HISTORY, 
for National and Elementary Schools. With Map. i8mo. 
cloth. New Edition. 
These works have been carefully abridged from the author^ s larger 
manuals, 

CLASS-BOOK OF THE CATECHISM OF THE CHURCH OF 
ENGLAND. Third and Cheaper Edition. i8mo. cloth, is, 6d. 
' ^*/t is indeed the work of a scholar and divipe, and as such, though 
extremely simple, it is also extremdy instructive. There are few clergy^ 
men who wonld not find it useful in preparing candidates for Confirm 
motion; and there are not a few who would find it useful to themselves 
<ww^//.'*-^Literary Churchman. 

A FIRST CLASS-BOOK OF THE CATECHISM OF THE 
CHURCH OF ENGLAND, with Scripture Proofs, for Junior 
Classes and Schools. i8mo. dd. New Edition. 
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Maclear — amtinued, 

A MANUAL OF INSTRUCTION FOR CONFIRMATION AND 
FIRST COMMUNION. With Prayers and Devotions. Royal 
32mo. cloth extra, red edges. 2s, 
** Jt is earnest^ orthodoxy and affectionate in tone. The form of sdf* 

examination is particularly good.^^—jOKH BULL,^ 

Maurice,— THE LORD'S prayer, the creed, AND 
THE COMMANDMENTS. A Manual for Parents and School- 
masters. To which is added the Order of the Scriptures. By the 
Rev. F. Denison Maurice, M.A., Professor of Moral Philosophy 
in the University of Cambridge. i8mo. cloth limp, is, 

Procter.— A history of the book of common 

PRAYER, with a Rationale of its Offices. By Francis Procter, 

M.A. Eleventh Edition, revised and enlarged. Crown 8vo. 

lOtf. 6d, 

*^ We admire the author's diligence, and bear willing testimony to the 

extent and accuracy of his reading:. The origin of every part of the 

Prayer Book has been diligently investigated^ mnd there are few questions 

of facts connected with it which are not either sufficiently explained, or so 

referred to thcU persons interested may work out the truth for themsdva*^ 

— AXHENiEUM. 

Procter and Maclear.— an elementary intro- 
duction TO THE BOOK OF COMMON PRAYER. 
Re-arranged and supplemented by an Explanation of the Morning 
and Evening Prayer and the Litany. By the Rev. F. Procter 
and the Rev. G. F. Maclear. New Edition. i8mo. 2s, 6d, 

Psalms of David Chronologically Arranged. By 

Four Friends. An Amended Version, with Historical 
Introduction and Explanatory Notes. Second and Cheaper 
Edition, with Additions and Corrections. Crown 8vo. %s, 6d, 
'' One of the most instructive and valuable books that has been published 
for many years,^* — Spectator. 

Ramsay .—THE C ATECHISER»S manual ; or, the Church 

Catechism Illustrated and Explainai, for the use of Clergymen, 

Schoolmasters, and Teachers. By the Rev. Arthur Ramsay, 

M.A. Second Edition. i8mo. is, 6d, 

A clear explanation of the Catechism, by way of Question and Answer, 

** This is by far the best Manual on the Catechisn^^ we have met vnth,** 

— Engush Journal of Education. 

Simpson.— AN epitome of the history of the 

CHRISTIAN CHURCH. By William Simpson, M.A. 
Fifth Edition. Fcap. 8vo. 3^. 6d, 

Swainson.— A HANDBOOK to BUTLER'S ANALOGY. By 
C. A. SwAiNSONjD.D., Canon of Chichester. Crown 8vo. is, (J, 
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Trench.— SYNONYMS OF the new testament. By 

R. Chenevix Trench, D.D., Archbishop of Dublin. New 

Editioj^, enlarged. 8vo. cloth. \2s. 
Seventh Edition^ carefully revised^ and with a considerable number of 
netu syncmyms added. Appended is an Index to the Synonyms^ and an 
Index to other words alluded to in the work, ^^ He is a guide in this de* 
partment of knowledgi to whom his readers may intrust themselves with 
confidence. His sober judgment and sound sense are barriers against the 
misleading influence of arbitrary hypotheses. " — AxHENiEUM. 

WcstCOtt.— Works by BROOKE FOSS WESTCOTT, B.D., 
Canon of Peterborough. 

A GENERAL SURVEY OF THE HISTORY OF THE 
CANON OF THE NEW TESTAMENT DURING THE 
FIRST FOUR CENTURIES. Third Edition, revised. Crown 
8vo. I or. td. 
" Theological students^ and not they only, but the general public, owe a 
deep debt of gratitude to Mr, Westcott for bringing this subject fairly 
before them tn this candid and co^tprehensvve essay As a theo- 
logical work it is at once fhfectly fair and impartial, and imbued with 
a thoroughly religious spirit; and as a manual it exhibits, in a lucid 
form and in a narrow compass, the results of extensive research and 
accurate thought. We cordially recommend it. ** — SATURDAY Review. 

INTRODUCTION TO THE STUDY OF THE FOUR GOSPELS. 
Fourth Edition. Crown 8vo. lo^. 6d. 
** To learning and accuracy which commands respect and confidence, 

he unites what are not always to be found in union with these qualities, the 

no less valuable faculties of lucid arrangement and graceful and facile ex- 

pression.^* — London Quarterly Review. 

THE BIBLE IN THE CHURCH. A Popular Account of the 
Collection and Reception of the Holy Scriptures in the Christian 
Churches. New Edition. i8mo. cloth. 4^. 6d. 
** We would recommend every one who loves and studies the Bible to read 

and ponder this exquisite little book. Mr. Westcotfs account of the 

* Canon* is true history in its highest sensed — Literary Churchman. 

THE GOSPEL OF THE RESURRECTION. Thoughts on its 
Relation to Reason and History. New Edition. Fcap. 8vo. 
4<f. 6^. 

Wilson.— THE BIBLE STUDENTS GUIDE to the more Correct 
Understanding of the English translation of the Old Testament, 
by reference to the Original Hebrew. By William Wilson, 
D.D., Canon of Winchester, late Fellow of Queen's College, 
Oxford. Second Edition, carefully Revised. 4to. cloth. 2Ss. 
** For all earnest students of the Old Testament Scriptures it is a 

most valuable Manual. Its arrangement is so simple that those who 

possess only their mother-tongue, if they will take a little pains, may 

employ it with ^«f//f^/."— Nonconformist. 
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Yonge (Chftrlotte M.)— scripture readings for 

SCHOOLS AND FAMILIES. By Charlottb M. Yonge, 
Author of " The Heir of Redclyffe." First Ssries. Genesis 
to Deuteronomy. Globe Svo. u, 6d» With Comments. Second 
Edition. 3x. td. 

Second Series. From Joshua to Solomon. Extra feap. 
Svo. IS, 6d. With Comments, 3^. 6d, 

Third Series. The Kings and the Prophets. Extra fcap. 
Svo. is. (>d. With Comments, 3J. 6d. 
Aciital med has led the atUhor to cndeawnir to prepare a reading book cofi - 
venientfor study with children^ containing the very words oftheBibU^ with 
only a few expedient omissions f and arranged in Lessons of such length as by 
experience she has found to suit with children* s ordinary power qf accurate 
attentive interest. The verse form has been retained, because of its con- 
veniencefor children reading in class, and as more resembling their Bibles ; 
but the poetical portions have been given in their lines. When Psalms or 
portions from the Prophets illustrate or fall in with the narrative they are 
given in their chronological sequence^ The Scripture portion, with a very 
few notes explanatory of mere words, is bomjd up apart, to be used by 
children, while the same is also supplied with cTbrief comment, the purpose 
of which is either to assist the teacher in explaining the lesson, or to be 
used by more advanced young people to whom it may not be possible to give 
access to the authorities whmu it hcu been taken. Professor Huxley, at a 
meeting of the London School Board, particularly mentioned the sdection 
made by Miss Yonge cu an example of how selections might be made from 
the Bible for School Reading. See Times, March 30, 187 1 . 
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